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studying the insect life beyond the timber-iine. The team comprised in addition to 
the author, Messrs H. N. Baijal, V. K, Gupta of the School of Entomology, and 
Prof. Manias son M. Visw'anath, who had been members of the earlier Expeditions 
and Mr. R. L. Kotpal of the Zoology Department, Meerut College, Meerut, 
’tvho was new to the Himalaya. 

The main object this year was to explore the regions of the frozen Sarkund 
Lake (Dashair Lake) 4408 m. (14,500 ft.) to the, west of Beas Rikhi Peak (4600 m. 
(18,134 ft.) on the Pir Panjal Range ; the Seragru Ice-Fall 3800 m. (12,500 ft.) in the 
Kulti Sind the Sonapani Glackr, Seri Ice-Fali 4:560 m, (15,000 ft.) in the Purana 
Khoksar Nal (Main Himalaya)^ 

The route followed by the Expedition is as follows 


Stages 

Distance in Kilometres 

Agra to Pathankot (By railroad) 

676-8 

Pathankot to Baijnath (By road) 

131-2 

Baiynajth to Mandi ( „ ) 

80-0 

Mandi to Kulu ( », ) 

68-8 

Kulu to Manali* ( „ ) ... 

36-8 


* Trek frotti Manali onwards to North. 


Manali 1976 m. (6,500 ft.) to ICote 2432 (8,000 ft.) 



• •• 

11*2 

Riote to Rabla 2736 m. (9^000 ft.) ? 


... 

•tt 

3*2 

Rahla to Marhi 3496 m. (1 1,500 ft.) 

••• 



5*6 

Marhi to* Gamp I, 3648 m. (12,000 ft) 


••• 


0*8 

Gamp I to Sarkumd Lake 4408 m. (14,500 ft.) 


• •• 

• It 

4*0 

Camp I to Rohtang Pass 4030 m. (13,300 ft.) 

»•« 

• •• 

••• 

5*6 

Rohtang Pass to Gamp II 3496 m. (11,500 ft.) 

... 



8*0 

GaMp il to Khoksar 



• •• 

4*8 

Khoksar to Kulti Nal ... ... 




4*8 

Kulti Nal to Camp III 3648 m. (12,000 ft) ... 



••• 

1*6 

Camp III to Seragru Ice-Fall 3 800 m. (12,500 ft.)' 




4*0 

Camp III to Gamp II via Khoksar ... 



• • 

11*2 

Gamp II to Dhomi ^ 

••• 


• •• 

6*4 

Dhonu to Chhatru ... 

... 


«aff 

8*0 

Chhatru to Camp IV in Purana Khoksar Nal . 

... 



■ 

Camp IV to Gamp V on Sonapani Glacier 4560 m. (15,000 ft.) 
Camp V to Camp VI 4408 (14,500 ft.) via Rohtang Pass 


... 

4*8 

38*4 

The Expedition left Agra with more than a 

ton 

of stores 

of scientific and 


mountaineering equipment and food supplies,, on May 15, and reached Manali on 
the evening of May 17. The trek from Manali began on May 22 and Gamp I was 
established on the evening of May 23. Prof M. S. Mani came up from Agra with 
some additional equipment and met us at this camp on May 28. Seeing the phrty 
well acclimatised and after giving last minute instructions, he went back on May 3L 
Owing to the fresh soft snow the original plan of crossing Rohtang Pass Oh May 3L' 
had to be abandoned, and the night was therefore spent on the summit of the Pass, 
The supply Base (Camp II) was set up at about 3496 m. in the Chandra Valley on 

' [ 


sSg!i' i’“° SI*'."** f-» -sptomg th. 

Altogether six camps were established and the oartv irekkM Sonapaiji _ Glacier, 
kilQmetres.in reaching these camp^ the party trekked a di«ance of about 195 

The following is a synopsis of the general programme of movement 

Start of Expedition from Agra, May 15, 1956. 


Start of Trek 
Reach Gamp I 

••• ••• ••• 

•••• ••• 

Halt 22-24 May • 

May 20 
May 21 


Leave Gamp I May 25 


Reach Gamp II 

Halt May 26*28 

May 25 

■ '■ ■■ , 

Leave Gamp II May 29 


Reach Gamp III Kulti Nal Meadow 

May 31 


' ■ ■ ■' " " ' ' 

Reach Camp IV, Gramphu Meadow below and north of 
Rohtang Pass, opposite Kultf NahSupply Base... , June 7 
Leave Cbmp IV Juae 8 ' 

Reach Gamp V Purana Khoksar Nal 
Halt 9*12- June 
Leave Camp V J line 13 
Reach Gamp VI Hlan^ta Meadow 

Halt June 14 Sc 15 
*• Leave Gamp VI June 16 

Return to Cam^p IV June 16 
V . . Halt June 17 and 18 

Leave June 19 

Return Gamp 1 

Halt June 20 & 21 


June 8 


June 13 


June 19 


.irhrsrit^J?*}^ programme of the time table was adhered to according to 

rantr n ■ ’ numbers of camps had to be altered. Gamps on Roh- 

s.iuw cSbh'h:d'.“"“'^ 

i 3 I 



The following is the technical programme of research drawn up by Prof. 

M* S. Mani* 

" L General faunistic survey of High Altitude Insect Life of N. W. Hir^laya, 
especially beyond the timber-line (3000 m. above sea level). Collec- 
tions of specimens from Ladakh, Zaskar and Lahaul-Spiti Ranges. 

2. Study of general ecological conditions above the timber-line, with special 
reference to their bearing on insect life. 


3. Study of the general habits and peculiarities of life-cycles of high 

altitude insects. 

4. Observations on animal associations (with special reference to insects) 

at high altitudes and their inter-relationships. 

5. Adaptations of insects for life at extreme high altitudes. 


6. Zoogeography of the N. W. Himalaya. 

7. Origin and evolution of High Altitude Insect Life. 

8. Exploration in the frozen Lake region, Seragru Ice-Fall and Sonapani 

Glacier (Seri Ice Fall) 


Equipment , — Mountaineering and camping outfit comprised light single-fly tents, 
Meade tent, wind-break, sleeping bags, alpine suits, ice axes, crampons, ropes, cooking 
vessels and stoves. A part of the above was obtained by Prof. Mani from the 
Himalayan Club, Calcutta, on loan. The food supplies included considerable 
amount of tinned material ' donated by G. G. Industries, Agra ; Nestle's Calcutta, 
Poison’s Bombay and Stanes, Coimbatore. The scientific equipment included in 
addition to entomological collecting and preserving materials, altimeter, soil ther- 
mometer and other thermometers, compass, pedometer, barometer, current meter, 
cameras, etc. 


II. AREA SURVEYED 

The area surveyed by the Third Expedition constitutes parts of Lahaul and the 
Pir Panjal Range. Lahaul Valley is a part of the Kulu Subdivision of Kangra 
District, Punjab, and lies between 32^- 8' to 32® - 59^ North Latitude and 7GP — 49' 
to 77® -47' East Longitude, To the south is the Bara Bangahal, to the east lies the 
Spiti Valley ; to the north the Ladakh Province of Kashmir and on the west is the 
Chamba District of Himachal Pardesh. The southern boundry is formed by the 
great Pir Panjal Range, which is crossed by Rohtang P^s 4030 m. and Hamta Pass 
4250 m. above sea level to get into the valley (Fig. 1). The eastern side is bounded 
by an off-shoot of the Great Himalayan Range and acts as a water-parting between 
the river Chandra and river Spiti. This water-parting is crossed by Kanzam Pass 
3424 m. To the north, the area is bounded by the Zaskar Range while to the 
west the Great Himalayan Range continues. The mass of the Great Himalayan 
Range between R. Chandra and R. Bhaga (with; an average elevation of 5500 m.) 
constimtes an unexplored part of Lahaul. The Great Himalayan Range in the 
tnangle formed by rivers Chandra and Bhaga has many peaks rising above 6000 m. 
(rig. 2), and its numerous lateral valleys are filled with glaciers. It is one great 
ice-sheet tom here and there by lofty heights of impassable rock and snow. The 
most important peak, though not the highest is the Gaphan Shreckhorn (Phantom 
oofie) Peak 5832 m. This peak can be^^seep |n fair weather from Rulu Valley 
through a gap m the Pir Panjal; . r . .. . ; ^ ^ . 
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Fig. 1. Sketch map of Lahaul-Spiti; showing river Chandra, chief glaciers, streams and the more 
important peaks. The Camp sites of the Expedition are indicated in black circles. 



Fig, 1-A ^^ertical s^tion of the route followed by the Third Entomological Expedition from Manali. a distance 
ot nearly 90 kilometres shown on horizontal axis. The altitudes are indicated on the vertical axis. 


Lahaul has three parts; first the Valley of Ghandra locally called Rangoli ; 
the second Valley of Bhaga called Gara and the third the Patan or Valley of UpDer 
Chenab. 

Glaciers , — There are many glaciers, ranging from 11 to 19 kilometre^ in length 
(Table 1* Fig. 1.) Bara Shigri Glacier is perhaps the most noted one in Lahaul. It 
enters R. Chandra at the bend of the river from the south, and originates from the 
northern slope of the Great Pir Panjal Range. It is nearly 3*2 kilometres wide 
and its snout almost runs down to the river. In 1836 the glacier spread across 
the river and dammed it up, causing, what is known as the cataclysm of the 
Ghandra. Signs of the resulting destruction are still to be seen throughout 
Lahaul, Other important glaciers of the region are shown below. 
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Sketch map of L^ul-Spiti showing the courses of the rivers, locations of important peaks and lakes. 





No. 


tAlil f 

_ Showing The Main Slaokrs And Hie R ivers Fed By Them 
Name of the glacier 


Length in 


River lAto 


L Tuan 

16 

WiAl»t.,U It Ui<liU5 

2. — 

3. Sisu 

14-5 

Chenab 

4. Sonapani 

5. 

1T2 

11-2'' '' "‘"i 

16B 

Ghandra 

6. Bara Shigri 



99 

7. Milang 

/Pfrj/Jtfc ^ DL _ 1 . 

11-1 

99 

Bhaga 


rise on opposite ^ 

from one an other, the Chandra on the southpaw u° kilometres 

Chandra rises from a great Mow field and is a str/^am f “O^tk-west. 

from its very inception* For the first 12Q lcilnTnptr/* ^ 
bited. It passes tLough an atoost iLrmn ar-^^ 

eternal snow on its eidier sid« It f lofty mountams clad in 

a distance of 88 kilometres, when 'it suddenly tuTns ^northS ’'S 

passing through the Bara Shigri and a course of ahontift^ 

with the river Bhaga at Tandi af an altitude of 3200 m abwe^s2“Sf * ‘iTV’n 

from Its source to Tandi averages only about 13 m per kTlome?m. ' 

double dS o^ChaSm!' For^rta 50 “IZdJS ?“ “ ’>“»• 

Chamlra. It i« la this valley, ,ome 7 kilomi.^^^ te«ei»Mes that of 

Keylattg, the principal village and the capital of Lah^tl h'.toated '"" 

in a norSU'‘terlyrrS«“,ti,Wayrffw^ “ 

about 25 kilometres below Sdi it enters & *^5* At Thirot 

wide at places and some'foreSLVo^S aVe^i^fwilf 

comparatively gentle and barlev nntatn anH ^ slopes are 

are cultivated in many villages! ^ medicinal herb locally called Kuth 



-There of wS’raSfe'dept'i “shLS 

S^^devS^oMilo^tave^mr^a ffel. I. i. fed by epriog. ,aad melting 

at an eievauon ar\A the surDlus water drams into river Chandra 

m?4'°'^tlak^Su?SDuH 

Z 2-5 wire, ™ '?,^om^^Ta^er°bt''o‘^;Sl^ 

4850 m above mean • -r. jj jjj ^ south-westerly direction. The third lake 

lt\und“eK^^^^ Range to the wist of Beas Rikhi Peak ; a 

detailed description is given in the following pages. 

Passes :— The following are some of the more frequented passes :— 


TABLE II 

Statement Showing The Important Passes And The Areas With Which 

They Establish Communication. 


No.' Name 

Altitude 

in 

metres 

Direction 

Range on 
whicn 
situated 

Area with 
which 

communicates 

1, Rohtang 

4030 

South 

Pir Panjal 

Kulu 

2. Hamta 

4250 



99 

3. Asha Gali 

5100 

South-west 

» 

Bara Bangahal 

4. Kukti 

5011 


» 

Ghamba 

5. Kanzam 

4524 

East, 

Spur of Gn 
Himalaya 

Spiti 

6. Palmo 

... 


>> 


7. Baralacha 

4862 

■ / 

North 

Great Himalaya 

Ladakh 

8. Shii^oLa 

5066 

North-west 

99 

99 


All these passes remain under snow for the greater part of the yew and 
become passable only for a short period in the late summer. Of these Rohtang 
and Baralacha lie on the trade route between Kulu, Ladakh and fur Aer north in 
Central Asia, and consequently more frequently used. Hamta and Kanzam are 
frequented by traders from Spiti. 

Rest Houses— There are only four important villages in the Chandra ■ 
Valley viz, Khoksar* Sisu, Gondhla and Ghoshal Out of those the first 
three are situated on the right bank of the river while last named is on the left 
side. Ghoshal is the largest village in whole of the Lahaul. The Bhaga valley 
is dotted with KLeylang (the' Capital), : Jispa, ■ Patseo, Sumdeo and Carcha, while 
^ Chenab part of the valley has more and larger villages of Tandi, Lote, Shansha, 
Jalma, and Thirot. P. W. Rest Hovtses are available at Khoksar, Sisu, Gondhla, 
Keylang, Jaspa and Patseo. In addition to these rest houses a new R. H. has 
recently been completed at Chhatru about 20 kilometres above Khoksar in the 
Chandra Valley. 


distance of 10 kilometres from Rohtang. There is^r/ w^D^V^t 

left bank of the river ChatiHr;. Tt,,. • ^ f • W. U. Rest House on the 

mule track on right bank of the 

kilometres down the river. The river flows narrivintn^n 

Thirteen kiloTnptrp<! fnrf^«v. a nows partly into a shallow late below Sisu. 

S..reTa SrS/”' * S? S'. " 

course of rivJohmrt aloi^lK r^h't®baEk''‘'Tie''®t'ter.S”t- '''' °*!““ '“‘i'”'*.''’' 
for about 40 kilnmetr^ tv,- * • ' , continues along the river 

High ^cSi ^ tS^3X bLk 
S:T.f,'l"'^“°‘‘ »”»“ch'Sv"“Re“Vo““ 'cZtagSSoT 

Kilometres irom l andi. From Baralacha lies the route to Leh and Tibet. 

Rohtaig P^s^'i^tL^^SL^riSr^V^'fl Rhotang-Khoksar road Just below the 

AUr!„7 i?iuM . ^ and proceeds up the left bank of the river 

Hou^p 18 kilometres upstrfeam there is a bridge over Chandra at Ghhatru and a Rest 
H^ouse. The route now lies on the right Side, which is still under comt^^^ 
VVhen completed it will unite Lahaul with the valley of Spiti, In the meanwhile ari 

Pas " 7 ^"^ Ghhat/u the?oute reaSes“hrra^am 

mhe% further up after crossing the Bara Sbigri Glacier. On the 

branches off iin^thp Valley. Before the Kanzam Pass the route 

Dranches off up the Chandra Valley to Baralacha Pass. An alternative rmite from 

Hamta Pass which joins at Chhatru. This is a shorter route 
Rohtln|.'°' for a longer time and is therefore less fre quented than t^ 

. The elevaticm, latitude and the huge wall of the Great Pir Panial 

Range which serves as an effectwe barrier to the water laden monsoon currents from 
the Indian Ocean are the major factors which determine the climate ofthe iegion 
Practically all the moisture IS precipitated to the south of this range, and whatever 
manages to escape through some of the valleys and passes to the north is deposited 
mostly in the form of snow. The average rainfall (including the winter snoW-fall) 
a^ Keylang IS about 150 mm. For the greatest part of the year the whole valley 
remains mder a thick blanket ofsnow, often from 9 to 12 metres thick at some 
pl^aces. The summer IS very short and comes late. I^now persists as late as late 
May or early June in the vicinity of Khoksar at an devation of 3200 m above mean 
sea level. The average altitude of the valley is about 3100 m. Mean annual 
temperature of the valley recorded at Kardong (opposite Keylang in the Bhaga 
Valley at an elevation of 3300 m ) is 7-2° G. Mean temperature of different montL 
IS' given below : — . : 


March 

June 

September 

December 


7-7O0 

15-GOG 

7-OoC 
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At Mgber elevations, about 4560 in on Sonapani Gllacier, the minimum 
temperature recorded -1O-0^G was during the middle of June 1956. Even in summer 
water freezes at many places. Owing to the great rarefaction of the atmosphere both 
insolation and radiation are rapid. Evaporation from exposed surfaces is also 
extremely rapid. General atmospheric conditions are predominantly cold and 
^id. The aridity is the most important single factor besides intense cold, which 
determines the quantity and quality of yegetation, At higher elevations ^ cold, dry 
and fierce wind is another factor responsible fof the absence of tall vegetation. 

lit LOCALITIES VISITED 

SdrMnd Lake (Daskair Lake) U08 m.— (About 32^ 0' N. Latitude and E. 

Longitude) This is a small lake situated in a narrow saddle almost on the crest line iri 
thePirPanjal Range to the west of the Beas Rikhi Peak (4600 m.). The lake 
remains fro^n for greatest part of the year.’ In late June it was still mostly ^ frozen 
with only patches of clear water. By the end of July the water is clear of ice and 
snow for about a month or so but in September the surface freezes again. The shore 
and bottom are stony. The southern shore fringes the crest line. The lake has an 
outlet to the north and cataracts into the Chandra Valley. The lake is fed by melt 
water from the nearby peaks. During monsoon some rain water is also received. 
Vegetation on the shore is alpine in July and August. For greater part of the day 
the area is calm but in the mornings a fierce cold wind blows. 

The route to the lake ascends to the left from the Rahla-Rohtang mule track 
near the Marhi Alpine meadow. After north-westerly ascent for about 4 0 kil^ 
metres, the crest of the range is reached and the lake comes into view. The lake is 
a place of pilgrimage for the people of Kulu, who visit it during the month qf 
August* / V' . V" 


1. Seragrulce FJlbelow Gaphan-Scfereckhom Peak (5790 'm. abo\emean 
sea level) in the Kulti Nal, 

L 10 1 


Kulti Glacier, This glacier has ks soSrSe in . m- “ f 

.la„d. and runs in a^wm.rird w!rto“a^r5?« oTS J« loo'SS* Tf ” 
turning to a southerly course. . From this nrfriniV^ u ^ ‘ 100-150 m before 

-thn Ssragru Ice Fall? It is an ntSti aTSaSrdV- ‘%n” 

sculpturing of the mountain sides and the U-shape of ’ the Kulti 

evidences of the past extensiveglaciation of &e Sea 

emerges from its bottom as a tiirVmlf>r>f * u^j The Kulti stream 

-Chandfa about 5 kilometres down to Se soutK and joins the river 

aa level glacial moraine in the beginniuo' rPia 4i passes through almost 

abrntnaSts to „k. a .ntbuS .STv^S^'ts^d VonSr^^'? "“‘y 

river Chandra. . ' ^ bouldw before joining the 



Kulti is reached by crossing river Chandra at Khoksar abn.,t in fi . 
from Rohtang Pass on a mule track along the riwht hank nf fIip • ^ Woroetres 
possible to cross the river over the snow-br dges In eLw sumiS-r tR 

and the Seragtu lee-Fallate visible fton. ?h|»;“n5r!? SS^' pS.' 


( H J 


^ Sonapmi Gkder {Seri Ice-Fall) 4550 m.-(Photo 2) This glacier is the source of 
the Puraha Khoksar Nal stream in the great Himalaya of the ChandrA Valley. The 
stream joins the river on its right bank at Ghhatru about 6 5 kilometres down. The 
glacier is about 10 kilometres long. The north end is overlooked by a migMy wall 
of ice running east west. The snout of the glacier descends into the Parana Khoksar 
Nal gorge. After its emergence from under the snout of the glacier the 
Khoksar Nal stream cataracts over stones and boulders through a narrow gorge to the 
river Chandra. Above the ice fall on the north of the glacier are numerous peaks 
reaching to 6000 m above mean sea level. The eastern and western edges of the 

glacier are covered with stones, boulders and debris brought down by avalanches 

The eastern and western slopes of the Nal support only scanty growth of moss and 
liphen. Fierce and dry cold winds are not infrequent. Night temperature recorded 
was as low as -10‘0°C. during the middle of June. 



Photograph 2. Messrs Baijal and Kotpal on Sonapani Glacier, back after a climb. Seri Ice FaU behind* 
The unnamed peak in the background i§ 5860 m* high. 


The route to the glacier from Chhatru lies on the ri^ht bank of the Purana 
Khoksar Nal for about 3-4 kilometres and then over mass of snow and boulders. 
Further up from this place the stream remains burried under snow for greatest part 
of the year. The glacier is reached after climbing another 3 kilometres- by crossing 
the stream over numerous snow bridges from right to left and vice versa. In early 
summer the stream is frozen for most of its length apd provides a comparatively easy 
way up to the glacier, 
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Photograph 3. Gamp V on Sonapani Glacier, with avalanche debris in foreground and Seri Ice Fall behind, 
Snowfleas w’^ere active at night wl en air temperature was -10*0 G. 






IV. DESCRIPTIONS OF CAMPS 

Camp I 

Alpine meadow on the southern slope Panjal Range, above Beas Valley 
about 0*8 kilometres to north of the W* D Gang Hut near the njulc track 

to Rohtang Pass. A sheltered depression w shepherds’ stone hut on its southern 
fringe. Traversed by a glacial torrent from north to south. Foot path from the 
mule track to the frozen Sarkund Lake along north-eastern edge. Overlooking the 
Marhi camping ground towards south. Eastern side with numerous boulders and 
stones. Ground with prim alas and potentillas. Mornings and evenings often windy. 
Altitude 3648 metres. 


C^mp II 

Gramphu Camping Ground on north slope of Pir Panjal Range in Lahaul, 
below and north of Rohtang Pass and about 8 kdometres from the Pass. Above left 
bank of river Chandra, about 5 kilometres east of Khoksar. Almost opposite of 
confluence of Kulti Nal with Chandra, and on the mule track to Spiti. Two glacial 
streams from Rohtang snows enter the river Chandra aliout 150 metres below and to 
the north. Alpine vegetation, exposed, windy. Altitude 3400 metres. 


Camp III 

A small alpine meadow on the right bank of Kulti Nal (Lahaul-Main 
Himalaya) about 2*5 kilometres from the confluence of the Nal stream with river 
Chandra. Small pool of stagnant water from melting snow to the west, over- 
shadowed by a pricipitous ledge beyond the pool on the west. Kulti torrent on the 
east and about 15 metres below. About 40 metres to the north the Nal is spanned 
by a heavy snow bridge. A glacial stream to the north. With dwarf junipers and 
buttercups. Sheltered and calm. Altitude 3648 metres. 


Camp IV 

North-eastern corner of an extensive alpine meadow on the right bank of river 
Chandra in Lahaul-Main Himalaya, about 16 kilometres east of Camp II. Opposite 
Ghhatru bridge. On the right bank of Purana Khoksar Nal, T6 kilometres from 
its confluence with river Chandra. A small spring to the south-west. About T6 
kilometres to the north of Chhatru P. W. D Rest House. Occasional evening winds. 
Altitude 3496 ihetres. 


Camp V 

Sonapani Glacier (Photo 3), Seri Ice-Fall in the Main Himalaya about 6*5 
kilometres up the Purana Khoksar Nal from its confluence with river Chandra. 
To the north a massive wall of ice, eastern and western sides loose stony slopes 
with frequent avalanches. The glacier snout into Puarana Khokiar Nal (Photo 4). 
Glacier strewn with stones and boulders brought down by the avalanches from 
eastern and western slopes. Barren and exposed. Windy. Altitude 4560 metres. 
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Camp VI 

A small exposed area on the crest of the Pir Panjal Range on the southern 
shore offrozenSarkund Lake (Dashair Lake) to the west of Beas Rikhi Peak and 
aboEt 4 kilometres up and to the north-west of Gamp I. To the south a deep gorge. 
To north the outletofthe Lake towards Chandra Valley side. Isolated patches of 
moss and liehm on small area uncovered by snow. Exposed and extremely windy. 
Altitude 4408 metres. 

V. DESCRIPTIONS OF STATIONS 

The toul number of stations survefyed is 31, of which 17 are new and 14. refer 
to those where collections were made in previous years (Figs. 5, 6, 7 and 8j. . The 
stations include a variety of habitats like alpine meadows, barren rocks, snow-fields, 
glaciers, ice-falls, frozen lake, torrential streams, hot and sulphur springs. The 
descriptions of new stations serially numbered from 43 to 59 are given below and for 
earlier numbers refer to Mani and Santokh {L'>c, cit). In the accompanying maps all 
the stations beginning from 1 to 59 are shown in circles. The station numbers are 
also given in the labels attached to the specimens. 

list of Stations. 

(43) About 100 metres length of glacial torrent in an alpine meadow about 40 
metres west of Gamp I ; stony with algal slime. Altitude 3520 metres. Shielded 
partly from the Rohtang hurricane. Temperature of the water 3*5-4*5^G. The 
sides covered with primulas and potentillas in bloom. ^ 



ti m :] 




(44^ fearren rock on way to Sartumd take’, %esl of fifeas feikki fokk m.) 

about 3 kilometres north and above Camp I. Cidvered by dry iHcw and Mchen -Ulth 
loose stones. Atmospheric temperature 10 0°G. at" noon Altitude about 4000 
metres. Windy and exposed to the south with patches of snow. - 


(45) Sarkund I^e, frozen, altitnd;e 4408 meVes: - ^ Pedk = 

5 kilometres norA <rfCamp I.^ With glaciers and ^oW fields 'oh ilfies. r duflet iS 
Ae north into the Chandra Valley. Bottom sldriy.' Temperature of watef 0°d ^ 
but in the outlet 0’5^G. Atmospheric temperature 4'0°C, 



Fig - 6. Sketch map of the re^n near the source of River Beas, showing RahH 

Eeas Rikhi Peak and the Sarkund- Lake. Ntnnberswilh in circterefer to ! 


f oP rjver Beas, below and 

^utn of BjObtang, above.stafiohs 16 and 17, with pebbles arid locse btihld¥rs" Covered 
by algal slime. Sides with ihosS and battelcuts in bibom, txpbsedV Aboift ■ t*# 

kalom^res from Marhi P. W. D- huti : <■ - ... 


( li i 


M\ Fa<!tem slope of the hill above mule tract to Rohtang Pass, 1-5 kilometres 
iiorth^?tof MarhiP^W; D. hut, exposed, windy. Wild onion, iris and rubarb 
growing. Altitude 3742 metres. 


('48') Slow flowing glacial stream, 3 kilometres up the Kulti Nal, joining the' 
Nal on the -right bank, passing through large boulders, sides with primulas, 
buttercups, moss and grass with Snow patches nearby. Bottom with rounded stones 
covered With algal slime. Altitude 3660 metres . Water temperature 4-5°C. 



I'lg. 7. Sketch map of tl^ Kulti Nal area in the Chandra Valley, showing 
the Seragru Ice-Fall, with Stalions in the circles. 

I (49) Foot of the Seragru Ice Fall in Ivuiti Mai with ice and snow} Waiter turbid 
ivlth temperature of 0 5^G at I’O P. M. Sheltered. Altitude 3800 metres. 

(50) Khoksar village, feuth field, 1*5 kilometres from bridge over Chandra oti 
the right bank. Altitude 3200 metres., 
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(51) Camping ground on hortWast end of extensive alpine meadow about i'5 
kilometres to the north from river Chandra at Ghhatru (refer station 39), Altitude 
3400 metres. Buttercups and potentillas in bloom, with a small stream feeding the 
Purana Khoksar Nal. 

(52) Meadow on the east of Parana Khoksar Nal, opposite station 51, Altitude 
3400 metres. Exposed, warm, with wild carrot and potentilla growing, 

(53) Glacial ice at base of Seri Ice Fall (Sonapani Glacier), 5 kilometres from 
river Chandra up the Purana Khoksar Nal. Littered with avalanch debris, 
exposed, windy. Altitude 4560 metres. Minimum temperature at night during mid 
June -10*0®C.. 

(54) Snow patch on the south end of the Rohtang Pass, just to the east of Beas 
Kund, 4030 metres above mean sea level. Facing Beas Valley and windy, exposed. 

(55) Alpine meadow about 1 kilometre to the north of Gamp I (Station 19) on 
way to Sarkund Eake, with a small torrent on the west. Primulas in bloom* 
Altitude 3880 metres. 

(56) Paddy field north of Vasisht village about half a kilometre from the 
Manali-Kote mule track. 

(57) Manali Forest Rest House grounds, about 2000 metres above mean sea 

level. 


(58) Katrain, orchard opposite Civil Rest House, 1700 metres aboVe meat! sea 

level. 


(59) Katrain. Alnus niiida plantation between river Beas and the Civil Rest 
House-a small stream running through the area, leaving stagnant puddles at places* 


VI. FIELD WORK 

In addition to the activities connected with the establishing of camps j the field 
work consisted mainly of collecting and preserving specimens of insects, and 
observations and recording of scientific data. A great deal of time was naturally 
spent in reaching supplies and opening up different camps in localities found suitable 
from previous experience, Careful planning beforehand and the resourcefulness of 
the members in face of unexpected conditions, greatly facilitated the work. Move- 
ments from one camp to another were generally restricted to early morning hours. 
Supplies from the base camp were carried partly by mules and partly by porters. 

Collections of specimens were made mostly during the day. Specimens were 
collected from nearly every ecologic niche and from a fairly w:ide range of altitudes. 
While attention was mainly devoted to specimens above an altitude of 3000 m., 
many examiples found somewhat below were also secured. The highest altitude at 
which a live and active insect was collected this year was about 4600 m. on the Great 
Himalayan Range, Wherever possible, l^rge series of examples were collected in 
each case. The collections were sorted out, labelled and packed away each day in 
the field. A part of the evening programme comprised comparison of notes and 
discussions by the members at the end of a collection day. 
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The total number of speciErtens brought back by the Expedition amounts 
roughly to 5000, the percentage systematic composition of which is shown in Table 
III (Fig. 9). : 



Fig. 9. The abundance of different orders of insects 
expressed as percentage out of the total' collections. ' • 

TABLE III 

Statement showing the systematic percentage composition of the total collections 
No. Orders Percentage out of total collections 


1. 

Ephemerida 


— 

0*5 

2. 

Plecoptera 

... 

... 

3-0 

3. 

Dermaptera 



1*0 

4. 

Hemiptera 


... 

8-0 

5. 

Thysanoptera 


... 

4-5 

6. 

Coleoptera 

— 

... 

20-0 

7. 

Hymenoptera 

... 

•*! 

15-0 

8. 

Trichoptera 


... 

5-0 

9. 

Diptera 

... 

• • V . 

20-0 

10. 

Collembola 

*•* 


23*0 


I 19 1 


• ■ rollections made in 1954 and 1955, the material this 

In compartson With . the collecti^^^^ of species. Even localities which 

y^r should he comidem^^^^^ yeL often proved nearly sterile 

yielded a ricb narvesi oi whole slight and there was also an apparent 

Insect activity during Sjarseness in the summer of 1956 

decline in population levels “ * J^er. The winter snow cover in 

igS^wTscrnt^aS had also rLded relatively early. Mapy species had completed 
the aerSl sSe to their life cycles and had already gone deep underground. 

As in earlier years Gollembola and Goleoptera are abundant as individuals in 
AS in earner years Hvmenoptera this year. The proportion of larvae 

Analysis of the catches on the basis of ecologjc habitats shows (Table IV, 
T7ig imthL the largest number of specimens were collected on snow fields, repre- 
St'in?about 46-5rof t^^ total collection. About 22-0 ; of the insects found on 
sSw fre true high altitude forms, but the rest represent wind-blown derelicts. Most 
of these derelicts were found dead and Gollembola wer^ feeing on Aeir bodies. 
The wind-blown forms include many Diptera, especmlly Brachycera, Heteroptcra, 
Homoptera (Aphididae). ?Lepidopfera. Plecoptera Goleoptera and Hymenoptera 
(Ghalcidoidea and Ichneumonidae). Amongst Diptera were large numbers of 
Acanthiophilus ArhWAi (Rossi) (Trypetidae). This fly is^nown to breed on • 

sp. at k»wer elevations as far away as Aut (on Mandi-Kulu road) about 105 kilome- 
tres to the south, at an elevation of 800 m. above mean sea level. 


TABLE IV 

Statement showing the ecological analysis of the total collections. 


No. 

^Ecological catagory 


Percentage out of total collection 

1, 

On snow ' ... 

... 

4615 ' 

2. 

Under stoh^ 

..... 

19-0 

3. 

On sheltered^ stones ... 

... 

10-0 ■ ' ■ 

4. 

On vegetation ... 

... 

8-0 

5. 

In stagnatnt pools . , . 

... 

■7-5 ■ ' 

6. 

On flowers 

■ a. 

5-5 

7. 

Light trap 

... 

3-5 


Collections from under the stones and from stones sheltered by ledges were 19 % 
and 10 % respectivdy. From the vegetation mats of the alpine meadows, the 
collectios are 8*0 %; 7*5% comes from the stagnant pools mostly fromi below -the 
timber-line, while 5*5 % were collected from Himsilayan flowers like primulas. 


f 9A 1 


buttercups and potentillas etc. Light trap coltetiojas represent only 3 * 5 ^ the 
lowest figure as on previous ©ccasions. 

O 

.X 

"X 

o 





Fig. 10. Diagram showing the composition 
of the total collections on the basis of 
ecological niches expressed as percentages 
out of the total collections. 

The wind blown insects on snow were usually mutilated as they were being 
devoured by swarms of Gollembola. In some localities at an elevation of about 
4408 m. on an average 5-10 specimens of Gollembola were found per sq. cm. area 
of snow, and on certain patches imparted a sooty-black colour to the snow. Wind- 
blown derelicts were found only on the southern slopes, but wholly absent on the 
northern slopes. The Gollembola, which were common on snow surface go under 
deeper layers of the snow after a storm and snow accompanied by a slight drizzle, 
and could only be obtained by scooping out the snow. An interesting behaviour of 
Isotoma sp. was observed at Sonapani Glacier 4580 m. (Sta. 53, photo 3). At about 
7’0 P. M. there were no Gollembola near our Camp but half an hour later the surface 
of the ice and snow was littered with these tiny insects and they were also observed 
jumping about inside the tent. Their activity continued right through the night but 
in the morning when the sun came up they were gone inside the crevasses in the 
glacier where the direct sun rays do not reach. Reference should also be made to 
another interesting collection. Larvae of Nemourd sp. (Plecoptera) were found under 
stones in a small frozen torrent at about an elevation of 4400 m. The temperature 
of the stream was about O'S^G. 
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In addition to collecting specimens, observations on the special ecological 
conditions, habits and life cycles of the insects were continued. In the observations 
on high altitude insect ecology special emphasis was laid on the study of microcli- 
matic factors, the great importance of which has already been stressed by Mani 
(1955). In addition to recording atmospheric temperature and humidity, a series of 
observations of temperature-humidity conditions in soil, on rock surface, in rock 
crevices, under stones, on and under snow, in water etc., were also made at different 
localities and altitudes. 


VIL CONGLUDING'REMARKS 

While it is gratifying to note that, with very limited resources and after over- 
coming numerous, often serious difficulties, the Expedition was successful. Owing 
however to many unforseen • circumstances it was not possible to complete the field 
programme as originally planned. We were also handicaped by want of trained 
porters, inadequate camping equipment and scientific instruments. The success of 
the Expedition was largely due to the credit of careful planning and organisation by 
Prof. Mani and to the willing co-operation and team-work of the members. The 
urgent need for a small field laboratory above an altitude of 3000 metres in Lahaul 
is felt more than ever. This laboratory would be ia a position to make frequent 
sorties for collections and could be on the spot when unpredictable insect appearances 
synchronise with largely unknown and unexpected change of ecological conditions* 
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SOMfe NOTfes ON TMe wing venation 6F 
(CHRYSOMELIDAE : COLEOPTERA) 


By 

R, S. SAINI 

(Department of Zoology ^ University of Saugar) 
(Received on January 13, 1958) 


INTRODUCTION 


Goleoptera has been described by a number of authors 
Fowfe (1912), Forbes (1922), Graham (1922) and others. In the 
Mirysomdidae, the venation has been recently studied in 
12^, GaUrucella birmatuca (Khatib, 1946 and Varma 
With the venation and folding of the wing in Aulacophora» 


family 

Chrysochus. aarutm (Wilson, 
1956)* This paper deals 


OBSERVATIONS * 

In Aulacophora, the main veins of the wings are the costa, subcosta, radius radial 
sector, media, cubitus and anals (Fig. 1). The costa (C.) is situated along the 
anterior or costal margin of the wing and extends nearly upto its middle. The 
^b costa (Sc.) lies behind the costal vein and is much shorter than the costa. 
Distal^, it joins the next vein, the radius (Ri). Normally the radius comes after 
tbe subcosta and almost immediately divides into and radial sector (Rs.) In 
the proximal portion of the radius sector is absent and thus the radius 
vein corresponds to Rj. After its union with the subcosta, it continues upto the 

5 Sr The radial sector is poorly developed and lies immediately 

behind Ri vein; basally it is incomplete as its connection with the radius is absent. 
Near the middle of the wing after a small break it bends obliquely downwards and 
inwards and then again upwards to form a spur (rr) which is connected with R by 
a small cross vein (r). Beyond this, it is again incomplete but further outwards in the 
folded apical portion of the wing its other branches can again be traced. These 
branches are represented by Rjj, R3 and smaller R4 and Rg veins. Ih Aulacopkora tht 
inedial vein (M) is represented by its two branches, M A and ME. -M A is degenerate 
and IS faintly marked out only in the distal half of the wing.... It is divided into two 
branches, Mp and of which proceeds obliquely biitwards and backwards 
and reaches the margin of the wing, but Mj remains in the fbrm of.a short conical 
spur-hke process which stops in the apical area. MA is connected by a very faint 
radio-medial cross vein (rm.) with the rr. or spur portion of the radius sector vein. A- 
very faint cross vein m also connects MA and ME. ME is a strong vein in the middle 
.of the wing and bends sharply down to meet the cubitus and is not divided into twb 
branches M3 and M4 asan many insects. From the point of the union of ME 
and cubits, a single vein Cu Mp proceeds to the hinder border of the wing. Some 
authors like Forbes (1926) regard ME in those insects in which it is not divided into 
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Ms and M 4 as equivalent to M 4 and there seems to be no doubt that at least tke 
distd.1 portion of IVIP corresponds to IVI 4 and thus the single vein GuMlP has been 
labell^by the present author as CUM 4 following Forbes nomenclature. The 
cubitus (Gu) is a strong vein which at the base of the wing, is connected with the 
radius by a cross connection called the arculus. The cubitus runs obliquely 
downwards and outwards and as seen above, is connected with the M 4 (or MP.) 
branch of the media vein to form a single M^Gu (or CU. MP.) vein. Out of the 
four anal veins, the proximal portion of the first anal vein is absent, so that only its 
distal part 1 A is seen. The second anal vein 2 A starts from the ^ articular 
membrane and runs obliquely backwards and outwards towards the posterior margin 
of the wing. Near its middle, it is joined on its anterior side by the first anal vein, 
the bent connecting portion actually representing a cross vein a, which was originally 
present between 1 A and 2 A The third anal vein 3 A runs behind the 2 A and joins 
the latter at the level where a joins 2 A. The fourth anaf vein (4 A) is a small vein 
which runs backwards and stops short of the posterior margin of the wing. 

Due to the fact that during rest, the second wing is folded beneath the elytra, 
a number of folds are developed in it (Fig.2). In the present account the system 
of Forbes (1926) has been followed in demarcating the areas which are reversed 
during folding and the upright areas. These areas have been clearly marked out in 
Fig: 2 and require no detailed’ description. The areas which are reversed during 
folding, have been dotted in the figure and are represented by the following areas: 
(i) Axillary (J.) ; (ii) Antimedian (G.) ; (iii) Pivot (D.) ; (iv) Principal (H.) ; (v) First 
costal apical (E) ; (vi) Median (A ) ; (vii) First anal (G.) ; (viii) Proximal pivot (B.). 
The upright areas are left unshaded in the figure and are represented by the 
following areas : (i) First Dorso-apical (X) ; (ii) Stigmatal (R) ; (iii) Central (S) ; (iv) 
Oblong (W) ; (v) First costal (P) ; (vi) Outer anal (V) ; (vii) Wedge (T) ; (viii) Cubital 
(U) ; (ix) Second central (Q). 


GENERAL REMARKS 

The wing venation in dtt/acqpAora belongs to the Gantharid or Telephorid type 
according to the classification adopted by Ganglbauer (1892) and others. Fowler 
(1912), in, Fauna of British India, has mentioned that in members of this type, there 
is great veriation and the type as a whole undergoes so much modification and 
sometimes breaks down so entirely that its value becomes very doubtful* The 
characteristic itfcedian loop, formed at some distance from the apex of the wing by 
the coalescence of the two median veins, one of which is continued to the margin 
from the centre of the top, is entirely absent in Aulacophora* The loop which is 
typically formed at the apex of the radial veins, is however, present and is formed 
between the radius and the radial sector veins by rr. (Fig, J). In typical forms, 
transverse veins join the cubitus and anal veins but in Aulaiophora such connections 
areiabsent. ^ Thus, the wing venation in Aulacophora is a highly modified variation of 
the cantharid type. 


^ The wmg f'^ation of resembles that of G» but 

- differances. In Aulacopkora, the subcosta retains its 

individuahty from the very base, but in G. birmama the base of the .costa and 
mbcosta are^s^ proximally for a comparatively long distance. The radial sector 
co^^wly^ell dcvdbped, thougb slender vein, and only a very small portion 
nrAviTTiaiiTr absent, but in G. birmama^ it is very much reduced 

spur distally. In Aulmphor a. iHt 
latter V.Tit Jw r ’ It approaches Rj cldsely, remains unconnected with the 

the radial radial recurrent is* United with R^. Distally 

both the- cases'. 'Kre media is similar in both Aulacoph$ra and G. birmama. 
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1 mmy 

Tigi X Miacoph^^ The metathoradc wing of the right side illustrating the wing vena- 

tion^ and the deposition of the a^Uaries. 

lA^--4.A.^Ist Anal to 4th Ai^ — cross vein between 1st Anal and 2nd Anal veins; arc. 

arculus; 1 AX. — 4AX—Axillary sderites jhoai 1st to 4th C. — costa vein ; GU. — Cubitus vein; GU. M.4* 

common stem of cubitus and me^ (CU. MP.); M.~naedia; M.I. — ^M4.— branches of media from 1 to 4; 
MA. — anterior branch of media ; m. — cross vdn between MA. and MP. ; m. cu. — cross vein between media 

and cubitus ; R. — radius vein ; R. 1 to R. 5-— Distal branches of radius vein ; r.— radial cross vein ; ixm 

radio medial cross vein ; rr. — Spur of radial sector ; Rs. — radial sector vdn : Sc. — Sub-costa vein. 



Fig. 2. Aulaedphora foveicollit Luc. Metathoracie wing of the right side, showing folding pattefn* 
llie arcis which are reversed during folding, have been dotted in the figure and are represented by the followw^ 
areas* — (J.) Axillary; (G.) Antiniedian; (D*) Pivot* (H.) Principal; (E.) First costal apical ; (A.) Median; 
(G.) First anal J (B.) Proximal pivot. 

The upright areas are left unshaded in the figure and are represented by the following areas; — 

(X.) First dorsoiapical ; (R.) Stigmatal; (Si) Central; (W.) Oblong; (P.) First coital ; (V.) Outer attal | 
. (T*) Wedge; (U.) Cubital; (d.) Second central; 
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f he hypotketicai main stem of the media is absent in all Coleoptera and is 
represented by two veins, an anterior MA. and a posterior MP. In Aulacophora 
as well as C?. hititidTiicd^ M!!A* is degenerate and lies in the distal folded portion of 
the wirig only, where it divides into two branches and Ma, of which goes 
upto the margin of the wing, but Mg stops in the apical area. In Aulacophora, 
is without any spur like process as is found in G. birmanica, MP is similar in, both 
the cases and is in the form ^f a prominent vein in the middle of the wing^ which 
bends sharply downwards to join the cubitus. From the point of union of these 
two veins, in both Auldcophora and G. birminicd, a single vein proceeds to the hinder 
border of the wing which may be regarded as Gu + MP. (M^+Gu of Forbes, because 
MP also normally divides into two, M 3 and M^, and in these animals at least the 
distal part of MP corresponds to M 4 ) In both Aulacophord and G. birmanica^ there 
is a very faint radio medial cross vein rm. between Rs and MA., and a very faint 
medial cross vein m. between MA and MP ; a distinct arculus, connecting the 
cubitus and radius near their bases, is also present in both the cases. 

As regards the anal veins, the cubito-anal cross vein cua., which connects lA 
with cubitus in G, bimanica^ is absent in Aulacophord, and thus the proximal portion 
V of lA in Aulacophord corresponds to the cross vejn GV, which connects lA and 
the common portion of 2A and 3A. In other respects the anal veins in the two 
cases are similar. 


SUMMARY 

'The wing venation belongs to a highly modified cantharid or telephorid type# 
The characteristic median loop formed at some distance from the apex of the wing 
by the fusion of the two median veins, is absent ; the loop at the apex of the radial 
veins is present and is formed between radius and radial sector veins and by rr. ; 
transverse veins joining cubitus and anal veins are absent ; the proximal portion of 
the first anal vein is also absent. 
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deattfeigning) of insects is a nervous response connected 
(Saverin & Severin 1911, Kozanshikov 1931, Robertson 
1““ Wolmes 1996), chemical stimulants which act on the nervous system mdy 
a^so attect thanatosis. Wkli this view thanatosiR response was utilized* to study the 

nicotine bn the nervbii^^system of some common species of 

MATERIAL AND METHOD 


An ^^nal volume of absolute alcohol was added to commercial 20^^ pyrethrum 
extract and left: for several hours to precipitate resinous substances. The solution 
was then altered and the resin-free 20% pyrethrum was diluted with analar petroleum 
ether (b. p. 100-120) and^ liquid paraffin mixed in the ratio of 4:1, to make 5% a 
stock solution. The required concentrations were then prepared from the 5% stock 
solution, which was kept in the dark in a refrigerator. It was made certain that the 
solvent alone does not produce any effect by a number of preliminary experiments. 
l^ stock solution of nicotine was prepared by diluting 95% commercially pure 
nicotine with the diluent used for pyrethrum solution. 


Cclandra grananalj. ^nd Colandra oryZaelu, reared in glass jars on wheat 
^ constant tamperature of 25° G zb I^G. Coccindla septempanetata zxid Adalia 
bipunc a.a collected from the field were reared in the laboratory as well as in the 
open. A number of coccinelids were left on a branch infested with aphids and 
protected by muslin. When a considerable number of eggs had been laid, the 
I^rents were transfered to another branch, as it was noticed that some coccinellids ate 
teir own eggs. The parents as well as the larvae were supplied with fresh aphids 
irom time to time. The newly emerged msects were kept in a cage with aphids at 
room temperature and were allowed to mature for about 10 days, when they were 
ready lor experiments. ^ / 


Attemp^ were made to rear the coccinellids in laboratory, Coccinellids were 
kept in large beakers closed by muslin covers and containing branches of green 
plants infested with aphids. After a considerable number of eggs had been laid the 
parents were transfered to another beaker, and the eggs were allowed to hatch, 
ine aphid infected branch was changed every third or fourth day and the rearing 
was carried out at a temperature of 24° G zb l^G. 

• following technique was used to apply the insecticides and to assess their 

ro^iQ eixect t 
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iDMcticide solutm, pro^ g ^ allowed to crawl for the desired period 

whilst confined of naratfin was given on the walls of the rings, in order to 

fre!SX insfcu fnim cliibingL walls! and thus emuring their contact with the 
S^fortte entire period of treatment. The period of thanaosis was recorded 
^cording to the method already described by the author (Saxena 1957). 

experiments with PVRETHRUM 

treatments. 

Out of 13 batches each of 20 C. gramria, 9 were treated with 0-04%, 0-06%, 
O-OSy O^S?'/ 0-093%, 0-1%. 0-2%. 0-4%, and 0*8% pyrethrum and the remaining 4 
0 08 /c,uio/,<.,'J 3 ^ /o. /o The treatment was given for 24 hours, 

treated With solvent were run as comroi. O-OW 0*1®/ 0*3 / 0*5y 

/Table I ) In case of C. cryZae a treatment of 0 05/, 0 08/, 0 oy/o. u i/o. u 

w"‘ ro-(Ef!^ 5 y:: J-Ss ,, 0-l% .na 0-2%. PV«U.,u/ £», U 

houm ifthe case of G. septempmctata and for 3 hours in the case ol Adaba btj>unclata. 
The remaining 20 were sjubjected to solvent only (Table 1,. 

Thedurationofthanatosisineachof the above experiments was determined 
after an incubation period of 24 hours except in d where 12 hours were 

allowed. The mean transformed duration of thanatosis was plotted as ordinate 
against the concentration spaced logarithmically as abscissae (Figs 1,2,3 & 4). 


^.oranariA 



LOG - CONCENT RAT ION§ 

Fi^. 1. Thanatosis response of the insects tteat^ 
with pyrethrum. 
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Fig. 3. Thaoatoas response of Coccinellids tn^teh 
with pyrethrum. 
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Fig. 4. Thanatoszs response of Coccinellids-treated 
with pyrethrum, 

TABLE 1 


Thanatosis response of, beetles ta pytethrutn poisoning. 


Mean values of 20 insects 

Response in seconds to differept pyrethrum concentrations 


04% -06% 08% -087% ’093% 0-1% 0-2% 0-4% 

1 

0-8% 

CONTROLS 

Cdandra granaria 

2 1 2-2 2-5 3-2 4-2 4-5 4-0 3t4 

1*4 

2-7 2-3 2-2 2-1 


0 05% -08% -09% 0-1% 0-3% 0-5% 1-0% 

1-3% 

CONTROLS 

Calandra oryzck 

2-0 2-5 2-7 3-2 28 2-5 2'3i 

M 

2-1 2-3 2-0 


•02% -05% -08% 0 1% 0-2% 


CONTROLS 

Meanvvalues of 10 insects; 

Coccinella sipUmr 
. pmct'' ta . 

9-58 11-8 8-9 6-98 3-37 


9’15 9*55 


•02% -03% •08% 0-1% 0-2% 


CONTROLS 

Adalia bipmei, ta 

9-1 12'2 10-0 9'3 4-7 


8*2 7*8 


t » I 
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LOG - concentrations 

Fig, 6. Thaoato^ and Knock down responses of the 
insects to nicotine. 
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RESWWS 

experiinents it is observed that no ehano-e in the 
concerned*^ On^^nrr f v, a.certain concentration of the insecticides 

1. dura.™ of *«,.«!, iacroas^ 
decrea,ea.m .hTS d". «>' ?“«! »f than„<»,i. 

T.PLE in 


Insetts ^ 

B 

G : 

Calandra gi*anaria ... 0*06 

(24 kours) 

Approx. 0*1% 

(24 hours) 

0-1% 

(24 hours) 

Gatedracoryzae Approx 0'05% 

(4 hams) 

Approx. 0*1% 

(4 hoursj 

0-1% 

(4 hours) c 

Gocelnella septempunc- Approx. 0‘02/, 

(24 hours) 

Approx. 0 * 00 % 

(24 hours) 

0'05;i 
(24 hours) 

Adalia bipunctata ... Approx 0*02% 

(3 bours) 

A t - 

Approx. 0*05% 

(3 hours) 

0*05% 

(3 hours) 


specimens upto the 

oted against eadi insect for the period of treatment mentioned in brackets. 

column°A^M ^!f ^ °“ ““c's beyond he conceutratiom meationelin the 

column A upto the Mowing concentrations given for the period noted in brackets. 

noted against each insect the duration 


nor«S' S:ZT^ '^oKT^T'r pyr«hr„„. ihowed 

standing quietly on their lpcr« t, S ^ ^tid majority of insects, who were found 

and thfn fpii ^ their legs, when were made to walk, did so for a short distance 
.hSut, ‘b=«»CB romaiood a.a.iona’ry and could nor ^cTfei 

highc »» wi* 

may bl trSfcTaf «»d 0. .c^5a< 

dighll'y aSTe^ r.T„ta4mS;1 atS*’’ 
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2. Excited stage in whicli movement is abnorraaliy rapid. The duration 
thanatosis decreases. 

3. Progressive paralysis, rnovements are slower and irregular, locomotion is 
erratic. 

4 Complete paralysis with almost no movement unless force is used to 
stimulate the insects to move. Insects in this stage soon die. The mean value ot 
the duration of thanatosis falls to a very low value, less than one second. 

There was no change in the duration of thanatosis of the weevils of either 
species when treated with n cojine. It is clear however that the treatment had a 
marked effect on the insects as shown by experiment no. 2, there was a graded 
knockdown respone covering the range 0-8% to 100% of the insects. Clearly the 
nicotine absorbed has not all been metabolised. 

No tremor of legs was noticed in insects poisoned with nicotine. ^ Affected 
insects were found lying motionless and as they were touched they fell over on to 
their backs. Unlike the insects treated with pyrethrum, the weevils were not 
found walking inco-ordinately, or lying on their backs with their legs waving in the 
air. Also the weevils which were completely paralysed and appeared to be dead, 
completely recovered when left for a time in the fresh air. There was a quick 
knockdown and a quick recovery of insects treated with nicotine and a slow 
recovery of insects treated with pyrethrum. 

DISCUSSION 

Treatment of insects with different sublethal doses of pyrethrum results in 
three changes in the duration of thanatosis. (i) The period of thanatosis is 
unaffected upto a certain concentration ; (ii) the treatment beyond this threshold 
concentration results in the increase in the duration of thanatosis ; (in) on further 
increasing the concentrations the duration of thanatosis begins to decrease until a 
stage is reached when the insects, instead of feigning death, responds by running 
away on the application of the stimulus. The insects treated with still higher 
concentrations fail to respond to the stimulus and eventually die. 

•The treatment with low concentrations of pyrethrum apparenty results in 
absorption of the insecticides slowly enough for its concentration at the site of action 
to be kept down by metabolisation to a harmless level at which no change in the 
duration of thanatosis and perhaps in the transmission, of impulses by nerves is 
ptoduced. ^ 

. Treatment at somewhat higher concentrations results in an accumulation of 
insecticide and the initiation of a series of nervous impulses. Roeder and Weint 
(1946, 1948) believe that repetitive trains of impulses may be produced in sensory 
nerves by exposure of the sense cells of the companiform organs to DDT at concen- 
trations as low as 0*01 p. p. m. If an insect has been treated with an insecticide 
at this level of concentration its nervous system is, in a way, sensitised, so that when 
nerve impulses which induce thanatosis are generated in it by the application of 
, mechanical stimuli, impulses are superimposed on those produced , by the 

insecticide and their effect in maintaining thanatosis is augmented; ^ 

higher concentrations results in such an increase in the 
ifequency or amplitude of the impulses transmitted that the relevant centres become 
overstiinulated and exhibit a fatigue similat to that induced by repeatedly applying 
.^mechanicaT stimuli to normal insects. At this stage the duration of than^sis is 
reduced and at the upper threshold of concentration, thanatosis is not induced 



The effect <ff nicotine on the insects appears to be quite different from that 
of pyreth.ru.in, The experimental results show that no change in the duration of 
thanatosis was exhibited by the insects treated with different concentrations of 
nicotine. In order to obtain evidence that these concentrations had not been 
metabolised^ by the insects and did infact have. considerable effect on them, another 
treatment with the same concentrations was given and the knockdown response was 
taken. Hence it appears that nicotine does not affect the sensory nervous system 
and the author agrees with Roeder (.1953) that nicotine appears to have little or no 
action on impulse conduction along axons. Likewise, Wilcoxon and Hartzell (1933) 
detected no histological changes in the nerve ganglia of insects killed by nicotine 
sulphate. Considering other symptoms, it was found that those exhibited after 
nicotine treatment were quite different from those shown by the insects treated 
with pyrethrum. Symptoms such as tremor of legs, inco-ordinate locomotion and 
the insects lying pti their backs with their legs waving in the air, were not shown 
by the insects subjected to nicotine. 

SUMMARY 

It is believed that pyrethrum affects the sensory nervous system of the beetles 
(C. granaria, C. or^ae, C. septempndata. A, bipmdata), and produces trains of impulses, 
thus promoting the thanatosis response at certain concentrations. It appears that 
higher concentrations produce a state similar to ‘fatigue’ when the insects fail to 
show the thanatosis response. Nicotine does not seem to affect the nervous system 
in this way. 
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introduction 

The imnsigem&nt of Shorea robusta forests is being seriously effected by the lack 
of established reproduction inmost of the important sal tract of Uttar Pradeshv 
specially in the submontane and tarai divisions like Haldwani, Ramnagar, Bahraich 
etc. In these divisions there are standing crops of good quality sal but the regenera- 
tion dies out repeatedly or dies back and does not establish. This failure of 
regeneration has been studied by several workers such as Hole (1914), Champion 
(1933), Warren (1940) and • Giriffith and Gupta (1947) and Puri (1954). They 
attributed many causes for the failure of regeneration of sal, one of them is that the 
availability and utilization of water by sal seedlings during the cricical growth 
period is the limiting factor. The general survival is also regulated by adequacy of 
soil moisture all the year round. Water logging caused during rains and drought 
during summer are equally inimical. These earlier investigations therefore suggest 
a quantitative study of water intake, transpiration and moisture competation in the 
floristic complex containing the sal seedlings throughout the year. Accordingly a 
study on transpiration and root competition with regard to sal seedlings and 
important associated weed species was carried out in the Demonstration area of the 
Forest Research Institute during November 1956 to November 1957. 

Method of layout of the experiments 

Transpiration studies on sal seedlings were carried out in weeded and unweeded 
plots maintained for the root competition experiments. Along with the transpiration 
rate for Malloius philippensis and Clercdendrum injortunatum were also recorded for one 
year from January 1^57 to Nov., 1957, Calcium chloride was used for absorption of 
water transpired from both the surfaces of the leaf of these seedlings. Two plastic 
funnels (equal areas were used, two funnels for each) into which small rods of 
calcium chloride were used. The whole system was made air tight. Ihe experiment 
was conducted for five hours a day. Record of temperature, humidity rainfall and 
water contents of soil from IV50 ems depts were also kept for purposes of corclation 
with transperation. 

For the assessment of root competition of sal seedlings with other ground floor 
vegetation Six plots were maintained each measuring 40 ft by 10 ft Each of the 
plots wa^ divided into two parts 0 them being trenched allround 

1 ^ . wide) to sever the roots of tree species ^growing near these 

plots thereby eliminating the competition of bigger trees with of sal. These 
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trenched and untrenched plots were again sub divided into equal halves of 10 x 10 ft 
one sub plot being weeded and the other unweeded. The trench was refilled and 
again dug up and refilled after six month s interval in order to cut . those roots which 
grew into the experimental plots during the interval. In each of these four sub plots 
some seedlings were marked and their growth in height was measured after every 
one month up to one year from November 1956 to November 1957, ^ 

Results 

As it is very clear from the graph the rate of transpiration of sal (Shorea robuata) 
seedlings m the weeded plots is the heighest, the lowest rate of transpiration being 
for Clerodendrum infortunatum. The curve for MtUlolus philippensis shows that the rate 
of transpiration is slightly lower to that of sal seedlings in the weeded plots but only 
at few points it goes higher than, the sal seedling. Rate of transpiration for sal 
seedling m unweeded plots is lower than both for sal seedlings in the weeded plots 
and Mallotus philippensu hut than that fot" Clerodendrum inforiunaium. The rate 

of transpiration is high during March to June for all species, the heighest value being 
recorded in the month of May, with the onset of rains the curve for ail species goes 
down^ considerably from June to August. Later on it rises again. There is a 
negative corelation between humidity apd the rate of transpira*;ion. Humidity being 
high during June, July and August the transpiration ;rate is low and humidity being 
low during March, April and May, the transpiraticto rate is high. 

In the root competition studies the best growth in height is shown by sal 
seecUings growing in the weeded and trenched plots, growth of the seedlings growing 
in the un weeded trenched plots is comparatively, poorer than the weeded plots. For 
the untrenched plots similar results were obtained, growth being . good in weeded 
plots. But there is not a marked difference between the growth of trenched weeded 
and untrenched weeded, though comparativ^y' trenched plots show better, results. 
For all seedlings the best growth is shown from March to June. Seedlings from the 
weeded plots show considerably good growth from the first growth season i. e. from 
March onwards than those from the unweeded plots. In the beginning of the 
experiment till the first growth season there seems to be not much effect of weeding. 

Di$cti$sion 

Since sal seedlings transpire more in the weeded plots than the unweeded, 
we can assume that sal seedlings require more water for transpiration than 
what. they get in natural forest conditions. This difference in the availability of 
water between weeded and unweeded plots probably be due to competition of other 
species for the available moisture, it is also evident that weeds do exert a 
substaincial inhibiting influe growth of sal seedlings. The studies show 

that is probably the chief competitior for soil water, its rate of 

inspiration being comparable to that of sa,! seedlings in the weeded plots. 
LLerodendrum infortunuium on the other hand show low rate of transpiration than sal 
seedlings in unweeded and weeded plots, therefore probably it may not be a acute 
competitor for soil water in the natural forest conditions. 

Ii?. root competition experiment the plots which were weeded show better 
growth in both trenched and untrenched conditions. Therefore it is evident that 
due to competition the weed do exert substancial inhibitihg influence, on the growth 
of sal seedlings, correspondingly the rate of height growth is faster in the weeded 
plots. As regards the influence in trenched and untrenched plots according to graph 
there are two distinct groups. In both the cases of weeded and unweeded conditions 
the growth in height is comparatively better in trenched portion, therefore it is 
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obvious that trenching also induce better growth, though the difference in growthis 
not much. This small difference probably be due to the deep root system of tree 
species there by- there may not be acute competition between sal seedlings and tree 
species. The best growth in height is shown by seedlings of weeded and trenched 
plots. 

As the water is of paramount importance in the physiology of plant because it 
dissolve all minerals contained in the soil and transport them to the plant, it 
maintains turgidity without which cell cannot function actively, therefore any factor 
influencing water uptake will result in poorer growth and probably this competition 
of water may be one of the catise for poor growth of sal seedlings in unweeded plots. 

Suggestions 

The course of water from the soil upward through the plant is of minor 
importance if viewed from ecblogic point of view, but its intake and loss is of great 
concern, because these processes of intake and loss are conditioned by environment, 
therefore fruitful results can be reached at if we try to solve the regeneration problem 
of sal by eeological and physiological researches together. 

/ 

Thus a complete study of soil moisture, i e. Permeability, Water content, 
Moisture equivalant. Maximum retentive capacity Hygroscopic coeifecient, Wilting 
coeffecient etc. should be conducted of good and bad regeneration areas with the 
study of environment. This may throw a great deal of light on the acute problem 
of natural regeneration oi Shma robusta. Priliminary studies on these lines have 
already been started at the Ecology laboratory of the forest Research Institute 
Dehra Dun. 
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INTROPUGTION 

been studied in the past by several eiitomo* 
Rohf^tcn (1^03, 1906 19 J7 and 1908) in terristrial amphipods and Ranatrat 

Severin and Severin (1911) in Belostoma fhmmum and 
rmwmftA stercormus ; Reisinger (1928) in 

Hase ^ Kozanshikov (1931) in Lochmeiea capreaea; 

^ BrJhn^nljh ,^^^>„^odgiuck (1935) in Neides; Weiss (1944, 1947 and 1951) 
hifitmic on/i Alobates barhata^ Idiobates casianeos^ Boletotherus 

Teyroysky (1949) in Gjmu. ; and Saxena 

Calandrc oryZae^ Cocccinella septempunctata, Adalia 
^n± Armadrndmm vulgare. Most of these authors, have 
natinn nf th ^ animal during thanatosis and the induction and termi* 

TTip^nrtn but oUiy few have touched upon the factors affecting this pheno- 

SiJ''J£r ,2” 


MATERIAL AND METHOD 


, Specimens of Chilomenes exmactilata were collected from CcdMropis pracera (ilindi- 
Q f, found in the grounds of the Zoology Department, University cff 

5au^ar, during the months of October, November and December 1957, and reared 
TTiTicii*^ f ^ purpose of rearing, the insects were kept in large 

xATi’tL * containing a green branch of Calatropis peocera infested 

t r ^ i f ^ considerable number of eggs had been laid the parents were 
transterred to another beaker, as it was noticed that some of the insects ate their 
own eggs. The adults, larvae as well as newly emerged imago kept in separate 
beakers and were supplied with fresh aphids from time to time- 


Prehandltng of an insects shortly before stimulating it to feign death induces 
a state of excitement which may prevent its. responding to the stimulus. Hence it 
was thoi^ht necessary to allow experimental insects to remain undisturbed for 
a reasonable time before recording the duration of thanatosis. With this view, 
these C(^^nellids provided with aphids were confined, individually, within the mus- 
Imtopped funnels standing on filter papers, for a number of hours before they were 
^^P^^^^cnt. For recording the period of death feigning the funnel was 
lilted and thanatosis was induced by applying mechanical stimulus. In all experi- 
ments the termination time was recorded on the movement of antennae* 



While studying the effect of light it was found necessary to prevent the heat 
of the bulb reaching the experimental insects and therefore for this purpose the 
apparatus and the method employed by the author were as described in an i earlier 
paper (Saxena, 1957). The experimental insects prior to subjection to light were 
SiMitioned separately, for 24 hours in dark, and were supplied with aphids during 
this period. . . 

The following objects arranged in order of hardness were used as source of 
the mechanical stimuli! : — 

1 , Air.— A hollow glass tube for blowing air on the body of the insects. 

2, Cotton.— A little cotton tightly wrapped at the end of a poined glass 

rod. 

3, Thread. -A piece of stiff thread tightened to the free end of a glass 

rod. 


4. Brush. — A number camel hair brush with a tapered end, 

5. Finger.— Pressure applied by the index finger. 

All the experiments were performed with the adults of nearly the same age, 
at a temperature of 24°G. In order to make the distribution of data approxinoiatcly, 
even so as to make the variance in any group of observations independent of the 
mean, the duration of thanatosis was transformed by the square root method and 
the transformed values were plotted on the graph. 


OBSERVATIONS 


I. A General study of Thanatosis. 

(a) Induction of thanatosis • 

In these insects the best method of evoking thanatosis is by mechanical stimu- 
lation. Another method is to drop the insect from a height of a few inches. If 
a branch on which the beetles are walking is jarred, the fallen insects, sometimes^ 
show thanatosis. Induction of thanatosis is also possible by a slight pressure 
exercised for a while on the dorsal or ventral surface of the body but it is not 
induced by blowing air over its body from a glass tube. In the present series of 
experiments, thanatosis was induced by lightly pressing the ventral side of the 
insects by means of the index finger. 

(b) Posture in thanatosis 

During thanatosis, the coccinellids cease all movements, tightly press their 
legs to the body and remain immobile for sometime ; the head usually moves down 
touching the fore-legs with the antennae pressed to the head. All the legs contract 
in such a way that the femora, tibia, and tarsi become folded on one another. The 
only movement commonly observed during thanatosis is a slight and intermittent 
trembling of the tarsi of the first pair of Tegs. 

,{V-- ' ^ 

{c) Termination of thanatosis : — , 

Tlie termination of thanatosis is usually indicated by a slow movement of the 
h.e&d. In C. sexmaeulata termination begins with the unbending of the antennae, 
along with the erection or upward movement of the head followed by frequent 
^tky movement of fore-legs and then of the remaining pairs of legs. 
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(d) Thanatosts is response to various stimuli : — 

50 coccinellids taken from a collection were divided into 5 equal batches and 
were subjected to Air, Cotton, Brush, Thread and Finger stimulii, showing the 
periods of thanatosis of 0, 0, 2*5, 15*52 and 73*46 seconds respectively {Fig. 1). 
These results show that there is a relation between the length of the period of 
thanatosis and the intensity of the stimulus. The possibility of such a correlation 
was pointed out by Weiss in 1947. 



1 ^kajn^tosis resfioTvse io ydrcous siXm 
(e) Effect of repeated application of the stimulus on thanatosis 

The insects become unresponsive to the stimulus on subjecting them to a 
series of repeated applications of the stimulus. The coccinellids collected from the 
field were allowed to lead a normal life for 24 hours in the funnels before they were 
subjected to a series of stimulus. Each successive stimulus was applied on the 
termination of thanatosis induced by the previous stimulus. A fall from 84*76 
seconds to 0 second was recorded at the 7th application of the stimulus (Fig. 2)* 



1 2 3 - 4 ^ 6 'I 


OF A PPLiCf\Tto/)r^ 

Fig, 2. Thanatosis response td Continuous application of the stimu'us, 
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The period of thanatosis decreases gradually with the increase in the number ^of 
repeated applications of the same stimulus, and finally the insects become‘|[so much 
excited that ultimately they cannot be induced thanatosis. These observations are 
in accordance with those of Kozanshikov (1931). The failure of the insects to 
show thanatosis may be due to the fatigue stage reached by the insects after a 
number of applications. 

(f) Thanatosis at different ages : 

The period of thanatosis in newly emerged beetles is shorter than in the 
matured ones. 10 newly emerged coccinellids were tested on the day of their 
emergence and the duration of thanatosis was recorded. After this the insects 
were left individually under the funnels and the durations of thanatosis were 
recorded daily till 10th day of emergence. The insects were supplied with aphids 
during the entire experimental period. The insects showed a duration of 3*2 
seconds on the day of emergency and acquired the normal duration of 80*2 
second after about 10 days of emengence. It has also been observed that 
complete pigmentation among these insects takes nearly the same period as the 
attainement of the normal duration of thanatosis (Fig. 3). 



h Effects of physical factors on thanatosis 

of stavation 

A was batch were divided into two batches. Batch 

natosis of Batch A was recorded fed with aphids. The period of tha- 

the batch B after sSLrTnSllf Nation and of 
an increase in the periS S thll. • The results show that there is 

period of thanatosis from 101-12 seconds to 272-2 

\M } 



after 18 hours of starvation (Fig, 4), showing that -starvation fcauses an increase 
in the duration of thanatosis. 



Fig. 4. Thanatosis response to Starvation. 


(b) Effect of illumination:— 

(i) Response to different illuminations : 

3 batches, each of 10 coccinellids were exposed to 3 different illuminatir»n« 
provided by bulbs of 220, 160 and 100 watts, and the periods of thanatosis were 
recorded, which show that the duration of 67*4 seconds under lOO Watts, is reduced 
to 16*20 seconds under 220 Watts. (Fig. 5), These results, which were also obtained 



Fig. 5, Thanatosis response to different Kght 
illnmioations. 
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bv Holmes (1906) while working on iJana.'ra, show that the duration of thanatosis is 
inversely proportional to the light intensity. The fall in the period of thanatosis 
may be due to the excitement caused by the light stimulation. 


(ii) Response to increased period of exposure to light : 

The different periods of exposures of the same illumination affects the thana- 
tosis response, in the same way as that of different illuminations at fixed period of 
exposure. 30 insects divided into 3 batches of 10 each were exposed under 100 Watts, 
bulb for 1, 2 & 3 hours; the duratoin of thanatosis was 47‘72 seconds after I hour 
exposure and 23-84 seconds and 14-52 seconds after 2 and 3 hours_ exposures respec- 
tively (Fig. 6). These results show that the duration of thanatois decreases with 
the increase in the period of irradiation by light. At long exposures the insects were 
found in excited condition. 



EXPOSURES IN HOURS 


Fig. 6. Thanatosis response to different periods 
of exposures. 

(c) Effect of temperature : — 

The periods of thanatosis of 196*6, 144*0 and 62*72 seconds of 3 batches, each 
of 10 cocdnellids were recorded at the temperatures of 12°G, 17®G and 27^0. These 
results mdicate a decrease in the duration of thanatosis with an increase in tempera- 
ture (Fig. 7). Holmes (1906) also obtained the similar results with Ranatra. 

(d) Effect of heat radiations 


20 insects were divided irito;two batches A and B of 10 insects each. Batch A 
was run as control and the period of thanatosis was determined under normal condi- 
^ batch B were individually subjected to the heat radiations just 

A V iMuction of thanatosis and the durations of thanatosis were determined. 
A not dissection needle was used for transmitting the heat radiations to the insects. 

heated in a flame for 30 seconds and was brought about | cm. away 
® ^tennae of the insects which were lying down in the state of thana- 
e results show that there is a .reduction in the period of thaitato^i^ 
subjecting the m^egt? to heat radiations (Fig. 8), ^ 
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SdiViMAEtY 

in C, SBxmuutata thanatosls may be induced by applying a hard stimulus lik^ 
finger. The coccinellids assume an immobile posture by tightly pressing their legs 
and antennae to the body. The termination of thanatosis is sudden and begins with 
a slow movement of antennae followed by a movement of first pair of legs. 

Different periods of thanatosis are recorded on applying the various stimuli 
varying in the degree of hardness. The harder the stimulus the greater is the 
duration of thanatosis. 

After repeated application of an stimulus, a fatigue stage is reached when the 
coccinellids cease to respond to stimulus. 

Newly emerged beetles show shorter duration of thanatosis which reaches the 
normal period afiout 10 days after emergence. 

Starved insects show longer duration of thanatosis. 


Insects exposed to brighter illumination or for a longer period to the 
same illumination, show a decrease in the duration of thanatosis. 


The duration of thanatosis decreases with increase in temperature. 


The duration of thanatosis is also reduced on subjecting the insects to 
radiations. 
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Introduction. 

In the course of his investigation on aquatic fungi, the author became in- 
terested m a group of water moulds belonging to order Saprolegniales althou<^h 
this group has received a greater attention of the mycologists as compared to others! 
Most of these water moulds have been recorded from foreign countries specially 
Europe and America. The record from India in this respect is rather poor. Among 
the Indian workers mention may be made of Butler (1907, 1911), Ghaudhuri (1935^ 

1936), Bhargava (1945) Das Gupta et al (1953) and (Miss) John (1955). 

A number of forms have been collected and are now under examination 
A few of them are described in this paper. Of the species described two have beeii 
reported occurring new in this country. A new variety of Achlya-aplanes is also 
reported. Others have been described as they are new from Uttar. Pradesh and 
differed in some respects from older descriptions. 

Material and methods. 

^Majority of these water moulds reproduce by means of zoospores. Water '* 
containing these zoospores was collected from various ponds of Allahabad. It was 
then poured in large Petridishes. Various baits such as freshly boiled house fly • 
hemp seeds, corns, twigs, leaves etc, were placed in the Petridishes. They were 
then taken out after about 24 hours and were washed by distilled water. Finally 
they were placed in dishes containing distilled water and in a day or two, infection 
appeared on them. Pure cultures of these organisms were made aecordine to the 
technique described by Couch (1939), ® 

Description of the species 

Saprolegnia parasiiica Coker. 

Plant delicate, hyphae straight, slender, little branched, the larger threads 
having a diameter of about 36 on hemp seeds halves, average being about 18 
sporangia plentiful, club shaped, about 30 to 36 M in diameter, furnished with a 
short papilla, secondary sporangia formed generally by the proliferation through 
theempty ones andalso bycymose branching, spores diplanetic, formed in several 
rows as in Adilya, varying in behaviour, some swimming away while others becom- 
ing sluggish. No sexual organs developed in the plant even inspite of various efforts. 
The following media were tried. . : ’ 

1. Agar Agar. — . . , .1 

2. Solution of Leucin (-1%) with tri-calcium phosphate- (■!%). 

3. *01% haemoglobin. 
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4. Laevulose and Leucin (M/200). 

5. -1% Knog. 

6. 

7. -1% NaaHP04 

8. On hard boiled egg yolk. 

9. On sterlised dead fishes. , 

10. Equal parts of *05% haemoglobin and *25% NaH^PO^ on house fly. 

11. On corn meal agar. 

12. *05% haemoglobin and *2% potassium phosphate. 

13. *05% haemoglobin and *2% potassium nitrate. 

14. '05% haemoglobin and *1% potassium phosphate and *1% potassium 
sulphate. 

15. *05% haemoglobin and *1% potassium phosphate and '1% sodium 
chloride. 

16. ‘05% haemoglobin and *1% sodium-hydrogen-phosphate and *1% potas- 
sium sulphate. 

17. *05% Leucin. 

18. '05% Leucin and *1% potassium phosphate. 

19. *05% Leucin and *1% calcium phosphate. 

20. On boiled corn grain pieces. 

21. Peptone *025% and leucin *025%. 

22. Peptone *025% and maltose *025%. 

Cultures were maintained at about 25®G in an incubator. 

This species has been reported first from Lahore by Chaudhuri but complete 
description was not given. Now it has been described from U P. also. An effort 
was made to induce sex organs, but was of no avail. Sex organs were only des- 
cribed by Kanouse (1932) in his culture. 

Isoachlya mispora Coker and Couch. 

Mycelium vigorous on hemp seeds halves, hyphae irregular, not straight, 
little branched, about 9 to 36 M, sporangia few primary ones elongated, 360 long 
and 36 M wide, proliferation very common and internal, spores diplanetic, 9 to 11 
at rest, emptying as in Saprolegnia and swimming sluggishly, some coming quickly 
to rest. Gemmae plentiful, oogonia occassionally seen in the culture, embedded 
in a niass of hyphae, mostly spherical diameter 18-39*6 /*, mostly 30 thick, 

wall clourless, smooth, generally without pits. Eggs usually one or two rarely 
three, or four, 14*6— 39*6/* thick, mostly 25*2 /^, eggs centric, antheridia never 
developed. 

Isoachlya toruloides Kauffman & Coker. 

- Mycelium delicate but yigopus on hemp seeds halves, moderately branched, 
aDout 9-36 #, sporangia cylindrical, proliferating internally, abundant In culture. 
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Plate 1. Saprolegnta parasitica 

Fig. 1. A mature sporangium X 100 
„ 2. A sporangium showing lateral proliferation X 100. 

,3 3. A sporangium showing internal proliferation XlOO. 
„ 4. A group of sporangia of normal appearance X 100. 
3,3 5. A group of sporangm produced as in Achlya X 100, 
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Plate 2. isoachlya unispora 

Figs, 1 & 2. Showing empty sporangia X lOD. 

„ 3. A mature sporangium XI 00. 

,5 4, Gemmae X 100. 

„ 5,6, 7 &8. Oogonium containing 1, 2, 3 & 4 eggs X400. 

9. Sl^clure of the ripe egg X^OO, 
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Fig. 1. 

» 2 . 

., 4. 

„ 5. &6. 
. 7 . 

8 . 

« 9. 


Plate 3. Isoachlya toruloides. 

Proliferation through an old sporangium X 100. 
Sporangium showing internal proliferation X 100, 
Sporangium and an Oogonium on same hypha, X 100. 
Gemmae X lOOi. 

Oogonia containing ^gs without antheridia XlOO. 
Oogonium containing ^gs mth antheridia. Xt OO. 
Oogoma with ripe eggs XlOO, 

Oogonium contajnmg eight ipature eggs X400. 
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Fig. 1. 

,, 2 . 

„ 3. 

„ 4 & 5. 
6 . 


Plate 4. Achlya aplanes. 

A hypha with racemosely arranged Oogonia X 100* 

A young oogonium with a typical anthcridial branch X 100, 
An oogonium containing six eggs X400. 

Oogonia containing 4 and 3 mature eggs X400. 

A typical mature sporangium X 100. 

A lateral oogonium just under an empty sporangium X 100. 
Sporangium with hollow cluster of spores at the tip X 100. 
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Plate 5. Achlya flagellata. 

Fig. 1. Sporangia which have emptied XI 00. 

„ 2. Sporangia showing empty cysts of the zoospores X 100, 

„ 3. Gemmae XlOO. 

„ 4. Sporangium with hollow cluster of the spoies at the tip X400. 

„ 5. Oogonium showing diclinous antheridia X400. 

„ 6. Oogonium with long stalk and eight eggs X400. 

„ 7. Oogonium with ripe eccentric eggs X400. 

J^cie,—A\l the drawings lave been made by Camera Lucida and frem living material. 
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Spores diplanetic, 9-14-5 M in diameter, oogonia occassionally found in the culture^ 
irregular, often seen in empty sporangia, intercalary or terminal, wall thin clourless, 
pits not visible. Antheridial branches diclinous, hyaline, delicate and quickly 
disappear, antheridia absent on most of the oogonia, usually few, laterally apfilied, 
not wrapping them about, eggs usually 1 to 8 or upto 16, centric, variable in size, 
14-36 M in diameter. Gemmae moderate, irregular. 

These two species are reported for the first time from India. The dia- 
grams and descriptions correspond closely to those given in Coker’s monograph 
(1932). 

AcMya aplanes Maurizio, Var. indica, Saksena & Dayal. 

Growth vigorous on hemp seeds, main hyphae stout, usually ending in primary 
sporangia. Spores on leaving the sporangium come to rest at once in a hollow 
sphere, sporangia frequently retain the spores. If the spores emerge, they sprout at 
the mouth and in majority of the cultures theydo not have _ any swimming stage 
(a few swimming zoo-spores were always observed). Oogonia racemose on short 
stalks, terminal, spherical 54-126/*, wall smooth, fairly thick, without any pits. 
A young oogonium often proliferates to another and empties itself into it. Eggs 1 to 
12, mostly 3 to 8, 27 to 45/* in diameter, eccentric, germination not obseived. 
Antheridia diclinous, always wrapping about the oogonia. They generally proceed 
from more slender branches that run among the oogonial branches. 

This species has already been reported by Ghaudhuri & Kochhar (1935) from 
Amritsar and Gujranwala. The absence of the swimming stage of the zoospores 
is a characteristic feature of this plant, but this character has not been mentioned 
by the above authors. Achlya aplanes var. indica differs from the main species in 
the nature of the swimming stage of the zoospores. In the present case, the absence 
of the swimming stage was confirmed as described by Maurizio, but a few swimming 
zoospores were always observed. Since this does not agree with the American 
species, the author feels inclined to call it a new variety. The difference pointed 
out by the author has also been confirmed by Prof. Couch. In a personal com- 
munication to the author he wrote, “It is quite interesting to find that Maurizio’s 
species is a valid one.” 

Achlja flagellata Coker. 

On hemp seeds halves, the threads grow about one inch long and arc about 
108/* thick near the base and near about 18 to 36/* thick near the tip. Sporangia 
abundant, very variable in size 18 — 54/* X 108 — 666/*. Spores on leaving the 
sporangium, come to rest at once in a hollow sphere and encyst there. When they 
escape, they come out of their cysts and swim as usual. Spores 10 to 12/* in 
diameter. Gemmae abundant. Oogonia abundant, with projections, usually about 
72—90/*, thick, borne laterally from the main hyphae, their stalks vary in length, 
wall hyaline (not thick), pits could not be seen. Eggs spherical, eccentric, 3 to 10 in 
an oogonium, mostly 3 to 7, 18 to 27/* in diameter, mostly 25/*. Antheridial 
branches abundant, usually much branched and irregular, more often diclinous than 
androgynous. Antheridia on nearly all oogonia, one to several. 

It is reported from Amritsar, Lahore and Gujranwala and now from U. P. 

also. 

fonns without Oogonia. 

Achlya species No. 1. 

Hyphae stout about 36 — 90/*, thick at the base and about 18 — 36/* near the tip, 
reaching a length of half an inch. Sporangia very abundant, of the typical Achlya 
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i;ype, tome singly or in clusters on the ends of hyphae, varying much in shape frorA 
long, slender, tapering, varying from 666 — 900/^ in length and 18 — 45/^, in width. 
Spores on leaving the sporangium, come to rest at onqp in a hollow sphere and 
encyst there. When the spores escape they emerge from their cysts and swim as 
usual. Spores 10 to 12/^ in diameter. Gemmae few and like sporangium. Sex ■ 
organs could not be induced. 

Achlya species No. 2. 

On a hemp seed half, the threads grow about one inch long and are about 
54— 90f^ thick below to 18 — 45/* thick near the tip. The sporangia are plentiful and 
proliferate so as to form clusters. Sporangia cylindrical and about 18 — 54/* thick near 
the tip. The gemmae are oblong and sometimes in chains. Spores on leaving the 
sporangium come to rest at once in a hollow sphere and encyst there. When they 
come out, they emerge from their cysts and swim as usual. Spores 10toll/*in 
diameter. Sex organs could not be induced. 
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INTRoDuCtIOM 

In this cotnmunicatioil two new tfematodes of* the genus OrientoCreadiuni v[±. 
0. raipurensis n. sp. and 0. dayalai n. sp. have been described and their systcmati< 
position discussed. They were obtained from the intestine of fresh water fish Claria. 
magur. The work was carried out in the zoological laboratory of the College o: 
Science, Raipur. 



Text Jig. I. Orientocreadium raipUrensis, ti, ip. Ventral view. 
a.t., anterior testis; c. spiny cirrus ;c.s., cirrus sac ; eg., eggs ; int. c., intestinal caeca; mi 
metratenn; M., oesophagus : od. oviduct; os., oral sucker; ov., ovary; par., pars prostatica; p c 
pn^e gland, ph., pharynx; p, ph prepha^nx ; p. t. posterior testis ; ves. e., v^cula semMis extern w 
u,: vesicula seminalis mtema ; vit., viteUme glands ; vit. d. vltelUne duct ; v. & ventral sucker. 
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Orientocreadium raipurensis, sp. 

" ^ It is' a small spiridie shaped trematode with rounded anterior and posterior 
cfids; The body is T71 - 2*05 mm. long and 0*52 - 0*69 mm. broad at the region 
of the ovary. The cuticle is thin and is covered with minute backwardly directed 
Ipihes. : . . • ’ 

The oral sucker is subterminal and almost circular in shape. It measures 
0T7 - 0*21 X 0*21 mm. - 0*22 mm. The ventral sucker is approximately equal 
to the oral sucker. It lies at a distance of 0*45 — 0*55 mm. from the anterior end 
and measures 0*18 - 0*22 X 0*19 •• 0*22 mm. The prepharynx is 0*04 - 0’06 mm. 
long and 0*04 - 0*05 mm. broad. It leads into a well developed pharynx^ which 
is 0*09 - 0*14 mm. long and 0*14 - 0*15 mm. broad. The oesophagus is very 
small. The intestinal bifurcation lies at a distance of 0*35 • 0*42 mm.^ from the 
anterior end. The caeca are simple in outline and extend upto the posterior margin 
of the body. 

The excretory pore lies at the posterior end of the body and leads into a 
tubular bladder, which extends upto the level of posterior testis. The genital pore 
is situated in front of the acetabulum in the median line. 

The two testes which are bVal m shape, lie one behind the other in the 
posterior half of the body between j|the intestinal (caeca. The anterior testis is 
situated at a distance of 0*88 - I- 13 tjie anterior end and measures 

0*18 - 0*21 X 0*26 - 0*29mmi. The posterior testis, 0*21 0*24 x 0*26 - 0’3 
mm. in size, is either in contact with the anterior testis lor away from it, the distance 
between the two being 0*03 mm. ; 

The cirrus sac is a long, slightly curved organ,' lying in the median line (or 
slightly lateral), the anterior half of which is overlapped by the ventral sucker. The 
posterior margin of the cirrus sac is either in contact with the ovary or is overlapped 
by it. It is norrow in front and broad at the posterior end, measuring 0*26 - 0*39 
mm. in lengtfi and 0*11 - 0*13 mm. in breadth lat the region of the vesicula 
seminalis interna. It contains oval vesicula seminalis interna, tubular pars pros- 
tatica and the spiny cirrus. The vesicula semmalis exteina is a retort shaped organ 
which lies on the left side of the ovary, extening upto its half level. It is 0*11 - 
0*14 mm. long and 0*08 - 0*12 mm. broad. The vesicula seminalis interna mea- 
sures 0*08 X 0*06 mm. A large number of prostate gland cells fill up the cirrus 
sac. 

The ovary is bean shaped. It lies at a distance of 0*7 - 0*9 1 mm, from the 
anterior end, anterior to the testes, intercaecal in position and tu the right side of 
median line. It measures 0*14 - 0*18 x0*16 — 0*21 mm. and is either in contact 
with the anterior testis or keeps the distance of 0*06 mm. from it. The oviduct 
arises from the posterior margin of the ovary and opens at the ootype which lies above 
the anterior testis to the left of the median line. The receptaculum seminis is absent. 

The vitelline glands consist of small follicles lying on the lateral sides of the 
intestinal caeca and partly covering them. They extend from the posterior margin 
. of the acetabulum to the posterior end of the body/ where they meet with each 
other and form a mass just behind the posterior testis. The transverse vitelline ducts 
lie above the anterior testis. 

The uterus consists of transversely coiled descending and ascending limbs which 
covers the area from the posterior level of the ovary upto a certain distance behind 
the posterior testis. The ascending limb extends anteriorly on the left side of the 
acetabulum as a well developed metraterm which opens at the, genital pore. The 
uterine eggs are oval in shape, and measure 0*024 - 0*03 mm. in length and 0*012 — 
- 0*018 mm. in breadth. 
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Oruntomddium duydai, n* sp. ^ i u •« 

It is a small spindle shaped trematode, measuring 2’ 7 7 mm, m length and 
0-48 mm. in breadth at the level of the ovary. The body is covered with minute 
badtwmdlv directed spines. The oral sucker is terminal. I is 0-13 mm long and 
0-15 mL broad. The ventral sucker is larger than the oral sucker. It measures 
O’ 195 X O’ 19 mm. and lies at a distance of 0’88 mm. from the anterior end. 



a.- t., anterior testis ; c. spiny cirrus; c. s., cirrus sac; eg., eggs; int. e., intestinal caeca; met 
metratem ;• oe,, oesophagus : od... oviduct ; os., oral sucker ; ov., evary ; par., pars prostatic ; p. g., 
prostate gland, ph., phaiy'nx ; p. ph. prepharynx ; p. t. posterior testis ; ves. c., vesicula seminalis externa ; yes, 
i,, vesicula seminalis interna ; vit., vitellind glands ; vit. d. vitelline duct ; v. s. xentral suker. 

The prepharynx is 0*09 mm. long. The muscular pharynx measures O'l X 0T3 
mm. The oesophagus is 0*09 mm. long and the intestinal bifurcation lies at a dis- 
tance of 0*43 mm. from the anterior end. 

The excretory pore lies at the posterior end of the body. It leads into a 
^tubular excretory bladder, which goes upto the posterior testis. The genital pore 
lies in front of the acetabulum ip the median line, 
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.. There are two oval le^s,vsrhich lie one behind the other in the inter caecal space 
in the posterior half of the body. The anterior testis is located at a distance pT 
T54 mm. from the anterior end. It is 0*22 mm. long and 0*21 liim. broad. The 
posterior testis is smaller than the anterior testis. It measures 0*225 X 0*165 mm. 
and the distance between the two . testes is 0*1 mm. . . . . ^ 

The cirrus sac is a well developed curved organ, ' embracing the acetabulum 
on the left side upto its posterior margin. It is 0*285 mm, long and 0*12 . mm. 
broad at the region of the vesicula seminalis interna. It contains vesicula seminalis 
interna, pars prostatica, prostate gland .cells and the spiny cirrus. The vesicula 
seminalis interna measures 0*054 x 0*075 mm. The vesicula semindlis externa 
lies above the ovary on its right side. It is oval in shape and measures 0*12 X 0*09 
mm. in size. . 

The ovary is oval in shape and lies vertically in a median line at a distance 
of t*19:- mnjV Irbm-the anterior eiid^- Tt is "OTS mm. long afid 0*15 ninaV broad. 
The distance between the anterior testis and the ovary is 0*13 mm. . 

The vitelline glapds are lateral Tn position. • T^^ extend ftgm the middle 
level of the ovary to the post efior^end^ of the body where they meet' with each other. 
The transverse vitelline ducts Ue<: above , the; anterior ^ The receptaculum 

seminis is absent. The laurers canal is present, , ^ ■ 

The uterus consists of trans vers ely_ coiled , as cendiug and descending limbs 
which extend from the region of-%hd otafy uptb thepbstei^^^^ 

The eggs are oval in shapej measurin^,0*02^^ 0*027 x 0*015 mm. in size, 

DISCUSSION . , , ^ 

Orientocreadium raipurensis, n. sp. and 0. dajalai. n. sp. djffer frpm.O. batrachoides 
in form and distribution of vitellaria which do not" unite fo form h lattice work, pos- 
session of oval vesicula seminalis mternav..ext^n?ipn of Girras:sac ani the^enit^ pore 
being median. They differ from 6. relative size pf suckers, posterior 

extension of vitellaria, and in the size of ovary which is smaller than the testes ; while 
in 0. dayalai posterior testis is smaller than the anterior; testis, ' 
differs from 0. indicum in oral and ventral suckers being equal, position and 
extension of cirrus sac and vesicula seminalis externa being retort shaped. O. dayalai 
differs from 0. induwm in the. . extension of vitellaria, posterior testis smaller than 
anterior testis, prepharynx and oesophagus comparatively long, extension of cirrus 
sac and vesicula seminalis externa oval. ; The above differentiating characters lead 
to the creation of two species Orientocreadium raipurensis sp. and 0. dayalai n, sp. 

Yamaguti, 1953, has shown the genera Neoganada Dayal, 1938, Canada 
Ghatterji, 1933, and NiZamia Dayal, .1938, synonymous to the genus Oriekocreadium. 
The generic characters of Neoganada, Canada Sind Nizamia are identical to the genus 
■ Orientocreadium and whatever differences they show from each other and from the 
' genus drieniocreadiim are not sufficient to keep them separate arid as mchitte 
similarity of the above genera to Orientocreadium shown by Yamaguti, 1953, is fully 
supported. Similarly the genus Ganadotrema Dayal, 1949, has striding similarity 
with: “-the" genus Orientocreadium: It has been separated from the genera Canada^ 
Pieogamda and Nizmio, :on characters as spiny cirrus, shape of vesicula seminalis 
externa;, shape of ovary and testes, and on the presence or absence of receptaculum 
semmis:^ T^ i^ot sufficient to justify its ranking 

as a separate genus. ;, moreover its Similarity with the geuus O'j^eittomoidium leads to 
the genus Canadotreina synonymous to the genus Orientocreadium. 
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Thus the genus Orientocreadium includes all the species of the genera Canada^ 
Jfeogmada, NiZamta and Ganadotrema v^hich have been shown synonymous to iti 
They are listed as below : .. 

Geno-type: 0. Tubangui, 1931, in . 

Clarias bairachus ; Lu 2 on, 

Other species ; 

O.ClaHae (Chatterji, 1933) Yarnaguti, 1953. 

. . : t (Syn, Canada c. C.) in Clarias batrachus; Burma. 

0, indicum Pande, 1934, in Rita buchanani ; India. 

0. pseudobagti Yamaguti, 1934, in Pseudobagrus aurantiacus ; Lake Biwa, Japan. 
0, barabankiae (Dd^yol 193S) Yamaguti, 1953. 

(Syn, J^eoganada b. D.) in Clarias bahachus ; India. 

0. secunda (Dayal, 1949) {Syn, Neoganadas. D.) 
in Clupisoma garua ; India. 

0. (Dayal, 1938y Yamaguti, 1953. 

(Syn, Mzarriia LI),) in ophiocephaluspanctatus^, 

India. 


0. indica (Dayal 1949) (Syn. Ganadotrema L D.) in ' 
■ " Heteropneustes fossilis ; India; - 

. 0. mahendrai {Guiptei 1951) (Syn. Ganadotrema m, G.) 
in Clarias batrachus \ India. 

Q. (Gupta 1951) {Syn: Ganadotrema v, G.) in 
Clarias bairachus ; India. 

0, phillipai (Gupta 1951) {Syn, Ganadotrema p. G.) in 
ophiocephalus punctatus; Indidi. 

' 0. raipurensisyfi. sp. in Clarias magur; India. ‘ 

0. dayalaiy li. sp. in Clarias magur; India. 


Ivey to . species of the genus 
Synonymous genera included). 


Orientocreadium Tubangui, 1931 


(Species of 


(A) Vhelline follicles united to form a lattice work. 

Vitelline follicles do not unite to form a lattice work! 

(B) Vesicula seminalis externa divided into two parts 

esicula seminalis externa undivided, tubular or sac like 


0. batrachoides 

(B) 

0. hyderabadai 

(C) 
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(^i) drai sucker larger than ventral suctef i.. 

Oral sucker equal to ventral sucker 

Oral sucker smaller than ventral sucker 

(D) Vitellaria do not extend upto posterior end of body ... 

. Vitellaria extend upto posterior end of body where they 
meet with each other ... 


(P) 

(E) 

(F) 

0. pseudobagri 

1 . 


1. Receptaculum seminis present 

Receptaculum seminis absent 






2 . 


444 


3. 


2. Testes lobed, vitellaria from level of acetabulum to 

posterior end of body 0. bdrabankiae 

Testes entire, vitellaria from level of ovary to 
posterior end of body ... ... O.kcmda 


3. Anterior testis larger than posterior testis ... 0. mahendrd 

Anterior testis smaller than posterior testis ... 4. 

4, Prepharynx long, ovary oval, vitelline glands unequal 

on two sides ... ... O^vermat 

Prepharynx small, ovary bean shaped, vitelline glands 
equally distributed on both sides ... ... O.indica 


(E) Cirrus sac median, posterior margin of which in con- 
tact with ovary or overlapped by it, genital pore me- 
dian, vesicula seminalis externa smaller than ovary ... 0. raipurenm 

Cirrus sac lateral, not extending upto ovary, 
genital pore submedian, vesicula seminalis externa 
larger than ovary ... ... O.phillipai 

(F) Posterior testis sinaller than anterior testis, vitellaria 

extend from middle level of ovary ... ... O. dqyalai, n. sp. 

Posterior testis larger than anterior testis, vitellaria 
extend from posterior level of acetabulum... ... 5. 


5. Cirrus sac median, dorsal to ventral sucker, genital 

pore lateral, vesicula seminalis externa sac like ... 0. dariae 

Cirrus sac lateral, genital pore median, vesicula 
seminalis externa tubular, coiled in appearance ... 0. indicum 
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Agronomic practices iN soil and water 

CONSERVATION 


By 

G. S. PRASAD 

Disit ^ Agriculture Officer, Bihar on Training with Soil Conservation Centre, Dehra Dm. 

Read at the 27th Annual Session of the Academy held at the University of Jabalpur on 27th December 1957. 

Introduction 

Among the Agronofnic practices designed to conserve soil and water and to 
increase crop yields, proper land use rank high. Benett (1939) while discussing soil 
conservation planning laid special stress on contour farming, strip cropping, judicious 
manuring, crop rotation, mulching. Ley farming, use of soil conditioners and grass 
water ways. 

In this paper an attempt has been made to bring out the salient features of 
various agronomic practices and their role in soil and water conservation. 

land Use Planning 

^ Before any land is put to cultivation it is utmost important to see that the land 
is suitable for a particular type of crop and also the applicability of the method 
adopted in a general way. Normally it is seen that whenever land is opened for 
cultivation ve^ little attention is paid to slope, soil and drainage conditions of the 
area. This affects a great deal in getting a successful soil conservation farming 
programme and therefore prior to putting any land under cultivation its capability 
to grow a particular food crop with its associated cultivation practices need be 
ascertained. 

Contour Farming 

Contour farming envisages all farming practices i.e. ploughing inter culture^ 
etc., done along the contour. Each furrow cut across the slope acts like an obstruc- 
tion to the running water, thereby retarding the run off and conserving soil and 
water, which finally results into increased crop production. In addition to this it 
saves fuel in case of power drawn implements and reduces drought power in case of 
bullock drawn implements. 

Strip Cropping 

This consists in dividing up large areas of sloping field or long down hill strips 
by putting in cross strips of any dense vegetation which will form an effective break 
to sheet washing during the period of destructive rainfall. Supplementary field 
crops such as clover, or a good hay making grass are good, and grain crops where 
these can be maintained in active growth during the rainy period. The above type 
of crops (close growing and erosion permitting) are planted in alternate strips. The 
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ratio beiii<r 1:3 or 1:5. In short the close growing strips act as filter for tfie run ofi 
from srain strips and thus reduces soil and water loss from the cultivated fields, the 
associated legume strips in addition to this helps in building up soil fertility. 


Judicious manurliig 

Manures both organic and inorganic when applied to crops, result into belter 
root development and close stand of the crop ; this not only helps in conserving the 
soil and water but also helps in progressive building up of soil fertility by incorpora- 
ting increased quantity of organic matter i.e. by way of decomposition ot crop roots 
into the soil. 

Crop Rotation 

Even th e most primitive agriculture has some sort of crop rotation as its basis 
and all farmers are familier with the need for changing the crops grown on one piece 
of ground. Where the total crop production has an un4uly large amount of erosive 
crops via, Maize-Potato-Tobaco for any catchment, every effort should be made to 
reach juk a better balance by discouraging the excessive growing of erosion 
permitting crop. Non-erosive crops i.e. legumes, alfalfa, clovers etc. should be 
encouraged which in addition to the soil protective value will also act as soil 
improver with some fodder value. 

Mulching 

Mulching i.e shielding of surface soil helps in preserving physical structure of 
the soil and reducing loss of organic matter and plant nutrient from the soil erosion 
both by water and wind. This is particularly important in scarcity areas for it 
makes available increased amount of soil moisture to crops and assures higher yields. 
In addition to this it also reduces crop weed competition. 


Ley Farming 

Vast areas of marginal and submarginal lands which are progressively 
deteriorating due to unscientific land use can best be improved by ley farming by 
putting them under suitable grasses for a duration of 2 to 3 years and then bringing 
them back to cultivation in rotation. The grasses will improve structure of the soil 
and in addition would provide better feed to farm and village cattle. 


Soil Conditioner 

Recently many synthetic materials have been produced which when applied to 
degraded soils (viz lateritic soils, alkaline soils etc.) improve this structure and 
conseqently tilth. A few of them under the trade name ‘l<.rilium’’, Poly-ack ’ etc 
may be used with reasonable hope of success for ameliorating structure of various 
degraded soils met with in this country and thereby putting them to better cron 
nroduction. . . 


Grass Waterways 

Dnving heavy rains, water from the fields find its way through small 
depression or small drainage channels giving rise to rills and gullies^ This is 
generally due to the lack of proper cross-section, location and management of these 
dramage channels-^-Waterways’% For safe water disposal it is necerirrto deS 

type ol soil. Sodding of these waterways with suitable grasses which are matty in 
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character and are capable of resuming thpir erect habit after the flow of the water has 
stopped. The management of these waterways is equally important. Manuring of 
grasses from time to time is important. Gaps when noticed should immediately 
be filled in with the same species of grass. No farm implements should be allowed 
to cross the waterways particularly when it is wet. 

Conclusion 

Using any one of the agronomic practices alone would undoubtedly increase to 
some extent the yields of your crops. Large amounts of fertilizers give high crop 
yields each year. Contour ploughing, seeding arid cultivation will reduce the 
velocity of flowing water so that it will carry less soil and have more chance to soak 
in the ground. 

But putting them all together large amounts, contour farmirig, strip cropping, 
rotation etc. each one helps the other. Bigger yields mean more crop residues to 
plough under. This increased residues and manure will imporve structure of the 
soil so that it will hold more water as a result of improved permeability. Legumes 
and grasses shield the soil against direct impact of rain-drops and in addition open 
the soil to make it a better ‘‘blotter^ with it they can make better use of the plant 
food ih the soil. 
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ECOTVPIC DIFFERENTIATION IN SOME PLANTS OF 

VARANASI 


By 
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Read at the 27th Annual Session, of the Academy held at the University of 
Jabalpur on 27th December 1957. * 

INTRODUCTION 

Turesson (1922) introduced the concept of ecotypes, and its importance in the 
constitution and origin of species was soon recognised. He found that the differences 
observable in the field between populations of the same species occupying diverse 
habitats were maintained in the experimental garden, even when they are grown 
starting from seeds. He explained this as due to genotypical response of the plant 
species to a particular habitat. Since then a large number of ecotypes have been 
differentiated by many workers. A priliminary account of ecotypic differentiation 
in Euphorbia hirta, Linn., Echinochloa colona, Link., Euphorbia %mi/bZia, Linn., and 
Seiaria glauca; Beauv., is given below : — 

Pattern of ecotypic differentiation. 

In Euphorbia hirta, two distinct populations are recognised in the field. 

1. Prostrate cushion type — growing in dry hard soil subjected to trampling 
especially o» foot paths (Plate I, Fig. 8). 

2. Erect type — growing in moist localities. (Plate I, Fig. 7). 

In Table I is given a Summary of field observations for these two forms men- 
tioned above regarding habit of the plant, length of the leaf and length of the 
internode. Frequency distribution diagrams for these two forms as regards to 
length of the leaf and length of the internode is given in Figs. I and 2. 


TABLE 1. 


Euphorbia hirta — Measurements taken from field 


Growth form 

Mean height of the 
plant 
(Cm.) 

Mean length of the 
leaf (5th node) 
(Cm.) 

Mean length of the 
internode (5th) 
(Cm.) 

1. Erect type 

49-8 ± 10-51 

2-45 ± 0-46 

2-58 ± 0-67 

2. Prostrate 
cushion type 

... 

0-98 ± 0-31 

0-74 ± 0-26 
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Plate I. Euphorbia hirta 

7. Erect type growing in moist soil. 

8. Prostrate cushion type growing on foot path, 

9. Prostrate type obtained after culture experiment. 

10. Erect type obtained after culture experiment. 




Fig. 1. Histogram giving length of the leaf (5th node) in eras, 
for Euphorbia hirla. 



In order to know whether these two different forms are ecotypes or ecads only, 
young seedlings of both the forms were grown in the garden in two adjascent plots 
under similar conditions. It was found that the erect type maintained its habit, 
^A^lle the other one lost its cushion habit (Plate I, Figs, 9 and 10). A summary of 
observations regarding the two forms after transplanation is given in Tabjc 
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TABLE 2. 

Euphorbia hirta — Measurements taken after culture experiment 



Mean height of the 

Mean length of the 

Mean length of the 

Growth form 

plant 

leaf (5th node) 

internode (5th) 


^Gm.) 

(Cm.) 

(Cm.) 

1. Erect type 

36-2 ± 4-68 

3-74 ± 0-44 

5-74 ± 1-07 

2. Prostrate type 

... 

1-64 ± 0-24 

2-54 ± 0-85 


Hence, it was suspected that there may be a third form — Prostrate type obtained in 
the garden, growing freely in nature. Thus two ecotypes and two ecads for one 
of the ecotypes are recognised. 

Ecotype No. l.^Erect growing in moist localities. 

Ecotype No. 2.— (a) Ecad No. 1. — Prostate growing in dry hard soil. 

(b) Ecad No. 2. — Prostrate cushion type derived from the above • 
form under trampling on foot paths. 


These observations are confirmed by growing these forms in a neutral subs- 
tratum in the garden starting from seeds. 

Similarly, two ecotypes have been differentiated in Echinochloa colona. These 
are found to be mainly related with the moisture conditions of the habitat. 

Ecotype No. l.—MZ/orm— growing in water logged soils, along the margin of 
shallow ponds and drainage channels (Plate II, Fig. 11). 


Ecotype No. 2.— growing in comparatively drier localities (Plate II, 
Fig. 12), 

The Tall form is found to have longer leaves, longer internodes and more 
vigorous growth as compared to the short form. A summary of data regarding these 
characters observed in the field are given in Table 3, and frequency distribution 
• regarding the height of the plant, length of the leaf, and length of the 

internode is given in Figs. 3, 4 and 5. 


TABLE 3. 


Echinochloa colona — Measurements taken from field 


Growth 

form 

Mean height of 
the plant 
(Cm.) 

Mean length of the 
leaf (Just below the 
inflorescence) 
(Cm.) 

Mean length of the 
internode (Just below 
the inflorescence) 
(Cm.) 

1. Tall 

2. Short 

form 

form 

51-35 ± 7-23 

18-00 ± 5-03 

10-13 ± 3-27 ... 

4-90 ± 1-54 

9-005 ± 2-02 

3-205 ± 0-99 
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Fig. 3 . Histogram giving height of the plant in cms. 
for Echincchloa colona. 



Fig. 4. Histogrtm giving length of the leaf (5tli node) in cm?, 
for Echinochloa colona* 
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Cms. 

Fig. 5. Histogram giving length of the internode (5th) in cms. 
for Echinochloa colona. 


Small segments (ramets) of both the above mentioned forms of Echinochloa 
grown in a neutral substratutn in the culture garden maintained their original form 
when fully developed (Plate II, Figs. 13 and 14, Table 4). 

table 4 


Echinochloa colona — Measurements taken after culture ey^periment 


Growth form 

Mean height of the 
plant 
(Cm.) 

Mean length of the 
leaf (Just below the 
inflorescence) 
(Cm.) 

Mean length of the 
inter node (Just below 
the inflorescence) 

(Cm.) 

1. Tall 

form 

33-2 ± 3-42 

9-94 ± 2-24 

• 8-26 ± 1-32.. 

2. Short 

form 

13-2 ±1T5 ... 

4T4 ± 0‘55 

3-00 ± 0-71. 


In Euphorbia thymifolia, two ecotypes are recognised in the field* 

Ecoty^it No, l--Coppery Red form — having a coppery red tinge throughout the 
plant body. 

Ecotype No. 2. — Green form. 

These two forms are distinct populations as shown by transplant experiments. 
The Coppery red form occurs either on soils .rich in exchangeable calcium, or also on 
calcium poor soil in association with the green form. In other words, coppery red form 
can grow in localities where green form grows, but the reverse is controlled by the 
amount of calcium in the soil (Table 5). The two populations inter-breed* 
rurther genecological work is in progress. 
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TABLE 5 


Coppery Red foroi 


Green form 


Exchangeable calcium 
in the soil 


Remarks 


Exchangeable cal- 
cium in the soil 


Remarks. 


1. 84 35 m gm eq. % Only coppary form growing 4-75 m gm eq. % Only green form growing. 


2. ■ 30-10 „ „ 


3. 3S-85 


}» J? }1 M j. 


10*50 „ j, „ ,, Both green and coppery forms 

growing together. 


5*30 „ Only green form growing. 


4. 10 00 ,, ,j ,, „ Coppery form and green form 3'^40 ,> „ ,, Green and coppery forms grow- 

growing together ing together. 


5, 8*40 „ „ 


4*50 ,, ,, 


la Setaria glmua — three different populatians. are recosjnised in the field 
(Plate III, Figs. 15, 16 and 17). ^ 

L Long panided form — growing in moist clayey soils. 

2. Short pmidedform^grovfmg in dry loose^ loamy, soils. 

3. Intermediate form--growmg on the tops of old walls and bnildings. 

Frequency distribution diagrams for these three forms regarding length of the 
panicle are given in Fig. 6. 



Gms. 

Fig, 6, Histogram giving length of the* panicle in cms. 
for Setaria glauca. 

lation^^^^^^^^^^^^^ progress to reveal the nature of these difierent popu- 
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Plate III. Setaria glauca 

Fig. 15. Long panicled form. 

Fig. 16. Intermediate firm* 

Fig, 17. S' ori panicled for m. 
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NOTES ON THE AUTECOEOOY OF GROT AL ARIA MEDIC AGIJ^RA 
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By 
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on 27th December 1957. 

Crotdlarid tnedicdginea Laiok (Syn, C* procumbens Roxb.) is a common rainy season 
weed of Varanasi. It grows in the months of July-October on roadsides, enclosed 
gardens, hedges and sandy pasture lands known locally as Maechu, Thisi, Rayalbir, 
etc. In literature |t is described as a perennial, but here it is found to behave as 
an annual plant. 

It belongs to the family Leguminosae and sub-family Papilionaceae. The 
genus is very widely distributed and has 200-300 species (Hooker). 

The species is describkl to have three varieties by Hooker 
Var. 1 herniartoides 

Var. 2 neglecta 

* Var. 3 lumrtans 

But Duthie includes the first in the second while Hainps distinguishes only Var. 

hernianoides and luxurians. 

Only the last variety Var. luxurians was found occuring in Banaras. 

Geographic distribution 

Very widely distributed in India, from the west Himalayas it extends to Ceylon 
and Burma, ascending to 6000 ft. in Kashmir. It has also been reported from 
Malaya Isles, Afghanistan, China and Australia. 

Frequency of Stomata and Stomatal index. 

Stomata are present both on upper as well as lower epidermis. But the den- 
sity per unit area is always higher on the lower epidermis. 


Upper epidermis Lower epidermis 


Mean value for unit area ... 6*67 


10 


Again the density of stomata is greatest in very young leaves : 


Leaf next to 




the growing 
pt. 

2nd 

3rd 

4th 

No. of stomata per unit area 


17-5 

11*2 

10-33 

HR 



14-6 : 

13-6 

10-4 




15 

12 

10 
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This is in agreement with the findings of Reed (1931), Yapp and Rea and 
Mall (1954). 

The density was highest in the middle of the lamina, but lowest at the base. 
Size of the stomata was found to be inversely proportional to the density : 



Apex 

middle 

Base 

Mean No. of Stomate per unit area 

9-625 

10-33 

8-4 


Stomatal frequency 


Upper surface Lower surface 


150-210 


300-625 


Stomatal frequency thus varies from 
300-625 on lower surface. 

150-210 on the upper epidermis and 

The density of stomata is reduced slightly by shade : 


Sun 

4th leaf 
from Apex 

3rd 2nd 

1st 

10-4 

9-6 13-6 

17*5 

Shade 

9-8 

10 10-96 

17-2 

Stomatal index varies from 30-21—34-04. 


Seed out put: 





Ayurvedic 

gardens 

Botanical 

gardens 

Roadside 

Average seed out pur 

2678 

1890 

790 


Ash content of the plant is very high 20-23-6%. 

Seed gerinination : 


carried out under normal conditions, total light, total 
darkness, different temperature treatments and buffer solutions of varying pH values. 

tinn and S4ThrgrTir"cemSe'"^Ho^^^* the same day of collec- 

mwch low?r ^ percentage. However m soil the percentage of germination wq? 
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Soil 

. Under moist filter paper in petri dish 

1 ■ ' . 

Percentage of germination 

22 

85 


Seeds germinated in total darkness also. But the percentage was compara- 
tively lower. 


Temperature treatments. 


Temperature is an important factor for germination. At room temperature 
(30^G) seeds germinate readily. Optimum temperature is 32^0. At 16® G there was 
no gernaination at all. Minimum is 2Q®G. 




Tempera 

t u r e 


Percentage 
of germination 

16°G 

20^0 

2i°G 

32^G 

35°G 


nil 

15 

18 

88 

20 


When the testa was removed seeds germinated in 20 hours giving 100% germi- 
nation while otherwise germination initiated on the 6th day. 

Seeds sown in the soil on 8th Jan., 1956, failed to germinate until 10th Feb., 
1956. Probably temperature is the cause for this delay in initiation of germination. 
In the laboratory, however, when the seeds were kept under moist filter paper, 
germination started on the 9th day at room temperature (20® C). Percentage was 
very low. 

Treatment with buffer solutions : 

When germinated in buffer solutions of varying pH from 1-10, it was found 
that germination takes place only in neutral and alkaline media at pH 7-10. In 
all the other cases there was swelling of the seeds and breaking of the testa, but 
no radicle came out. At pH 10 the radicle appeared longer than those of un- 
treated seeds. 

Sait resistance: 


, Only Sodium chloride of different concentrations were tried. 


No. 

Cone, of the Nad soln. 

Temperature 

Percentage of germination 

1 

2/„ 

30 

nil 

2 

1% 

if 


3 

0-5% 

if 

30 

4 

0-1% 

if 

33 

5 

0-05;' 

9f 

34 

Distilled water 

9i 

62-3 
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Seeds lose their viability on storage. Thus seeds of the previous year gave 
only 4% germination under normal conditions, the rest when pounded in a mortar 
and kept for germination gave 30% germination. 

The two forms : 

The plant completes the life cycle by November. But in January a few plants 
come up which finish the life cycle by April. Thus two types of seasonal popula- 
tions were found to occur ; 

1. Which comes up with the advent of monsoon i.e. by July, starts 
flowering and fruiting in August— September and finishes the life 
cycle by November. 

2. Which comes up sometime in winter, survives the heat of March and 
dies away by April. Possibly this second form comes up with the 
winter rains. 
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GROWTH, ROOT NOOl/LA'i^ioil AND COMPOSITION OR 
BRR^EIM AS INFLUENCED ht RHOSPHORUS AND CALCIUM 

ARMitCATlONiS 


AMAR SINGH 

Depwtmenti t/nioerdty of Allahabad 

(Recaved on I9th of February 1 958) 

tNtRODUGtORV 

tinn witb, primarily aiin at evaliiating the contritu- 

tim that phosphorus aad calcium make to the physiology of growth, root nodulation 

lliat li^miSS and nbnicgiimes res^hd differently to mineral nutrition is 

3' clr infln.nce, in the Lse of the formTr, S ?n a 

rather confused state and no defimte fettilizfer practice has been worked out 
Investigations on the gross mechanism of growth and nitrogen metabolism of legumei 

Wblkoff (1918), Fred <d al (1932) and ILton 
(1950) ai^ of calcium feeding by Parkfet and Truog (1920), Burrelfl926) Burkfl92yi 

meta^^sr^in— attempted. Elaborating oh the 

^tabolism of legumes in respect of additives, RuSsell (1950) concluded diat phos- 

ShSr^f hastend ripening process, while Trumble^and 
bhapter (1937) stated that the protein content and yield of legumes depended mainlv 

review on “Phosphate Fertilization^ of Legumes” 
Sen and Rao (1953) concluded that an adequate supply of calcium and phoSphorUs 
was needed for nitrogen fixation. Hampton and Albrecht (1944) demonstmted S 
mybeans that stoulated nitrogen fixation and increased vine growth while 

content? reported that calcium had no apparent effect on protein 

Wilson (1940) contended that the study on the effect of mineral elements upon 
n^ulation, ni rogen fixation and growth has largely been empencal and thmws ' 
little light on the metabolism of legumes. The nature, extent and significance of the 
influenceofphosphorus and calcium nutrition of legumes, thus, remained obscure 
and ^lled for a ctittcal examination of the foundation of our belief, rapeciallv in 

relation to the humus deficient neutral-alkaline Indian sub-tropical soils in contrast 

to the acidic soils where majority of work on this aspect has been conductedi 


experiisIental methodology 

. -1 r ‘ containing approximately fourteen pounds of air^dry sieved field 

Soil free from undecomposed plant residues and stone or brick pieces were taken 
tor the purpose. Selected viable pure strain seeds of even absolute weight were 
sown in large numbers in each pott Prior to the emergence of first leafs the 
seedlings were thinned down to six equidistant plants in each pot) this dumber was 
maintained throughout. Fifteen pots were taken for the treatments viz», superphos* 
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pbate Bvfpot fromS^reatment were set apart for 

smdks? SampH^and 

every teatb day from 30th day after gemmation. ^ prevelant practice, since, 

subjected crop several' metabolic changes were-induced in the 

With the cutting ^ the top such that any comparison to evaluate 

-pr” '“r 

iops weTremoved the soil was depM as effectively as if nonlegumes 

were grown and removed. 

Growth Yield and Biological Assessment : Visual observations of plant height, leaf 
count branching and spread of assimilating leaves, along with dry matter elaborated 
bv tbe plant, were assessed as growth indeit of berseem, in the presence and absence 
of phosphorus and calcium manuring, at successive growth stages during its ontogeny. 
Biological observations as to nodulation in roots (number and weight) were 
regularly recorded. All values are represented as average in the tables. Standard 
error and critical difference due to treatments have been computed and presented 
below each table as S. E. and C. D. . - 

Chemical Composition : Total nitrogen was estimated after the method of Gun- 
ning and Hibbard for soils and Kjeldahl-salicylic acid method for plants (AOAG, 
1945) phosphorus by Lorentz reagent method (Piper, 1944) and calcium by the oxalate 
method (Piper, 1944). Soil potassium was estimated by the K^PtCla precipitation 
ftipthod (AOAG, 1945). 

RESULTS 

Growth Behaviour : Growth of berseemj as measured by. the visual observations 
of height, number of branches, number of leaves, alongwith dry matter formation of 
tops and roots, was distinctly benefitted by. the application of phosphoric acid and 
calcium sulphate (Tables 1-9). The relative effect of phosphorus on all growth 
characters was more pronounced than calcium through the life-cycle of the plant. 
Phosphorus tended to increase plant height gradually till the attainment of maxima 
on the eightieth day; the increase effected being 3'85 inches over control and 1-95 
inches over the calcium treated plants (Table 1). 

TABLE! . ' , ■ 

Influence of Phosphorus and Calcium Applications on Linear Growth of 
Trifolium alexandrinum 

(As inches) 


Age (days) 

Control 

Calcium 

Phosphorus 

30 

2-23 

2-31 

5 - 44 . •' 

40 . 

5-40 

5-43 

■ '■ ■■ ' 5*58 '• ' ■ 

50 

7*45 

8-08 

8-68 

60 

8-33 

10 -®' ' . 

l , 0-96 .. 

70 ' 

. 10-77 

. ' ■ -, 11*72 

' 12-67 . ■ ;■ . 

80 

11-95 

43-85 , 

. • •• . 15-80 

' ' S.E.s* 

0-29 

G . d ’.= 0-9135 
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The eflaciency of phosphoruis add, c^kiuni: dh’ branching of bersee'm increased 
#th dge; branching commaiced in ali the series after forty days and could be 
virtually recorded bn the - fiftieth day. The tread of branching was almost aKke 
except that phosphorus initiated and maintained superior branching than caleium; 
control plants possessed minimum number of .branches throughout the life of the 
plants (Table 2.) Phosphorus, proved significiently better than calcium which in 
its turn, was superior to the control. . " • 

,TABLE 2. ■ 

Influence of Phosphorus and Calcium Applications on Branching of Trifolium 

her/plant) • . 


Age (days) 

Control 

Calcium 

Pliosphorus 

30 ■ 




40;. ■ 

- 

- 


50 : 

0-83 

1-00 

1*33 

60 

2-30 : 

3'00 : 

3*30 

70 

3*30 

3-20 

4-60 

80 

3-50 

4*30 

5-70 


S..E. = 019 C. D. == 0-5985 

• There was to be noticed a considerably low increase in the branching of 
calcium treated berseem between the 60-70 day stage. _ 


*u forination, again, phosphorus treated plants led th« calcium series, 

though the latter remained a close Competitor all through. The control set had 
significantly less number of leaves than the fertilizer fed plants ; this superioritv 
increased, eyid^tly, with age (Table 8). . ' 

TABLE 3. , 

Influence of Phosphorus and Calcium Applications on Leaf Count of Trijolium 
' ■ ■ “ (number /plant) ... 


Age (days) 

Control 

Calcium 

Phosphorus 

'30 ■ ■■ 

2-3 ‘ ■■■■'■ 

2-5 

2-8‘ 

40 

5-0 

5-7 

6-3 

50 ' 

11-3 " 

12-3 

13-4 

60 

15-3 

18-7 

20-8 

70 

21-6 

26-8 

26-9 

80 ' 

26-7 : 

31-5 

34-6 

•' . ■ 

S. E. = 0-63 


C.D. = 1-9845 


The effect of both phosphorus and calcium in increasing the leaf 

surface over the non-treated plants became specially evident after berseeni had 
attained the age of 50 days. 
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The increase ia the dry matter elaboration of tops was not much differenit upto 
the sixtieth day after which it wa§ well marked in the fertilized plants as agahwit 
the control (Table 4). Phosphorus proved significantly superior to calcium and the 
latter to the control. 

TABLE 4. 


Influence of Phosphorus and Calcium Applications on dry matter Accumulatipn 
of Tops of Trifolium alexandrinum 
(gm./plant.) 


Age (days) 

Control 

Calcium 

Phosphorus 

30 

0-009 

0-013 

0-014 

40 

0-039 


0-052 

50 

0-078 

0-083 

0-093 

60 

0'126 

0-131 

0T42 

70 

0-170 

0-178 

0-190 

80 

0-213 

0-233 

0-251 

S.E. 

= 0-0008 

G, ] 

0. = 0-00036 


This incidently, coincided with the period when the fertilizers showed relatively 
less increase in height. Between 60-70 days, phosphorus effected largest dry matter 
produf^tion, mote than eithfir calftiuni or consol. The augmentation in dry matter 
increased with age. 

In the gfpyrth ^4 (Jevelopment of roots also the tyto, ad4ha.vos ptoycd superior 
to the control throughout tfc life cycle- Dry matter at^JWWlation in the roots^ 
however, failed to show any marked superiority of phosphorus or calcium although 
both proved slightly superior to the control, (Table 5), The «^eot of minerals 
remained insignificant, findings in contrast to that reported by Russell (1950), 


TABLE 5 


Influence of Phosporus and Calcium Applications Pry matter Accumulation 
of Roots of Trijolium akxandrimm 
(gm./plant). 


Age (days) 


Control 


Calcium 


Phosphorus 


30 

0-0027 

0-0034 

40 

0-0070 

0-0082 

50 

o-ono 

0-0132 

60 

0-0241 

0-0263 

70 

0-0346 

0-0370 

80 

0^0554 

0-0556 


0-0103. 

0 - 024 :^ 

0-0370 

0-0775 

0-1097 

0-1670 
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exceeded pk)spfeo^led ones is dry matter prod^tJon 
roots on the fifty-day stage after which a close run between the two was manifest. 

Root Nodulation 


o 


The increase over control in the number of nodules in plants supplied with 
phosphorus was_ invariably greater than that in calcium treated ones. Till the 
(wtieth day of the plant, phosphorus and calcium showed only insignificant difference 
which incased suddenly between 40-5fi days and was maintained till the obser- 
vation. The control plants, however, showed greater lack in nodule fornaation with 
the advance m age, ^except during the period 40-50 days (Table 6). Phosphorus treated 
showed significantly larger number of nodules than the control from the 
40th day ^4 % comparison to csdcium treated oju^ from the 50th day^ Cfateium 
treatment proved significantly superior to the control from the 60th day only. 


table 6 

Influence of Posbporus and Calcium Applications on Nodulation (Nodule Count) 
: oSTr^oUum de)candnmm 

(Average number per plant) 


Age (days); Contfal Calcium Phosphorus 



S. E, = 1*8 G, D. == 5-670 

^ The development of nodules as evidenced; by their dry weight showed a close 
run in all the series, the response being in the order of P>Ca > control. At the eiad 
of fifty days the nodule mass increased rapidly, and the response to phosphorus in 
this regard was significantly more than.that of calcium (Table 7). 

TABLE 7. 

Influence Of Phosphorus and CalGium Applications on Nodular Development 
(Nodules’ Dry Weight) iti Xrifoliiim alexandrinum 
(gm./piant>. 


Age (days) 


Control 


Calcium 


Phosphorus' 


Observations taken on the eightieth day after germination showed clearly that in 
phosphorus treated plants, the dry weight or nodule increased significantly. 

Nitrogen Changes 

In respect of superiority over control, in plant nitrogen (tops), phosph^us 
application appeared to maintain an increase over calcium treatment. On the 80-day 
stage the percentage of total nitrogen in tops of the phosphorus and calcium treated 
plants did not have much difference (Table 8). 

TABLE 8 

Influence of Phosphorus and Calcium Applications on Plant Nitrogen (Tops) 
in the case of Trifolium alexandrinum 

(% nitrogen) 


Age (days) 

Control 

Calcium 

Phosphorus 

30 

0-0029 

0-0046 

0-0052 

40 

0-0078 

0 0095 

0-0110 

50 

0-0131 

00155 

0-1740 

60 

0-0194 

0-0213 

0-0234 

70 

0 0234 

0-0256 

00273 

80 

0-0248 

0-0293 

0-0304 

S. E. 

=0-0122 

G. D. 0 038430 


The eflBcicncy in respect of nitrogen percentage of the tops remained as P >Ga > 
control* Phosphorus proved significantly superior, only at certain stages, to control 
but never to calcium* 

Roots of phosphorus fed plants possessed a higher percentage of total nitrogen 
as against-those of calcium treated or control plants (Table 9), 


TABLE 9 


Influence of Phosphorus and Calcium Applications on 
in Roots of Trifolium alexandrinum 

{% nitrogen) 

Nitrogen Change$ 

Age (days) 

Control 

Calcium 

Phosphorus 

30 

0-0011 

0-0015 

0-0019 

40 

0-0026 

0-0034 

0-0040 

50 

0-0035 

0-0046 

0-0049 

60 

C-0064 

0-0074 

0-0087 

70 

0-0071 

0-0059 

0-0096 

80 

0-0085 

0-0094 

0-0112 

§. E, 

= 0-00009 

C. D. = 0-0002835 
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f hpsphorus and calcium treatments exhibited significant increase over control for ; 
iobt nitrogen that appeared to diminish ^dully with age. Nitrogent percentage of 
the roots showed a decline, with advance in age, in all the treatments. Taking the 
absolute values of nitrogen percentage in tops and roots of the plant, it was found 
that phosphorus, calcium and no-treatment could be arranged in the descend- 
ing order as in the case of other characters. 

Obeservations on the nitrogen status of the soil revealed that phosphorus Was 
the most effective in increasing total nitrogen content of the soil as seen in the case 
of plant nitrogen as weU, the beneficial effect of calcium was also well marked 
(Table 10). 

TABLE 10 


Soil nitrogen changes induced by Berseem Crop. 
(Average in p. p.m*, oven dry basis) 


Pre-Crop Soil 
Nitrogen* 

Post-harvest Soil Nitrogen 


Treatments. 


Control 

Phosohorus 

Calcium 

514 

530 

552 

547 

Increase over initial 

16 

38 

33 ■ - 

value. 





The effectiveness of berseem in increasing soil nitrogen was, however, fully 
confirmed as the nitrogen content increased in the control by 16 p, p.m. Gollison and 
Mensching (1930) cited several instances where no benefit was accrued from legume 
growth in so far as the soil was concerned, the present findings stand in contradis- 
tinction. The soil nitrogen increased by 38, 33 and 16 p. p. m. in soils of the 
phosphorus, calcium, and control pots respectively, demonstrating, the .relative 
superiority of the two elements. 

DISCUSSION 

The results, reported herein, clearly demonstrated that phosphorus effectively 

enhanced, in general, the growth development and nodulation of. the fodder 
legume. Increased growth of berseem has also been reported in a series of 
communications by Parr and Bose (1944, 1945) and by Sen and Bains (1951)/ The 
two additives behaved in an entirely different fashion when applied to * grain- 
legume (findings of the author with woong type 1, in course of publication); The 
superiority of phosphorus fed plants was consistently evident throughout the onto- 
geny of the legume, while the beneficial effects of calcium became more pro- 
nounced only in the subsequent developmental stages. It became evident that 
phosphorus and calcium treated berseem plants continued to have not only higher 
nitrogen percentage in the shoot as well as root than control but these also had larger 
numerical strength of nodules of larger nodule weight. 

Phosphorus application increased both the nitrogen content of the soil as well 
ai the foliage indicating, thereby that this element is closely connected with the 
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assimilation of carbohydrates through the leaves as weil as nitrogen by the symbiotic 
action of RhiZobia and berseem. This fact is further supported by the author s 
findings (1942, 1951) showing an increase in the nitrogen percentage of the soil 
due to the excretions made by plants, high in nitrogen, th’^ough the roots. 


Phosphorus and calcium applications not only succeeded in consistently incre- 
ased growth of root nodules numerically but also in development of nodules, the 
former excelled the latter. The phosphate requirement of the berseem Crop was 
not satisfied by the quantity already present in the soil due possibly, to the phos- 
phate being partially fixed owing to the lack of organic matter. Addition of 
superphos, a readily available source of phosphorus, augmented the growth of the 
crop, produced a nitrogen rich forage and also beaefitted the soil by larger amount of 
nitrogen fixation. Phosphorus prompted better root growth (Table 5). Fibrous 
foots with more root hairs provided better chance of infection by RhiZobium as shown 
by Thoronton (1935) and Singh (1951), as supported by the number of nodules undet 
different treatments (Table 6). 


Gxlcium improved growth, nitrogen accumulation in the plant, nodulation 
and nodule development throughout the life cycle of berseem possibly by increasing 
carbohydrate content as indicated by increased dry matter accumulation. 
Evidence of increase in carbohydrate content by calcium has been quoted by 
Beeson (1941). Nitrogen accumulation was markedly augmented by dressings 
of phosphorus and calcium (Table 8)* Of the two elements calcium equalled 
phosphorus in this respect at later stages of the growth of bcfSCem Which 
indicated that though both calcium and phosphorus had beneficial role on berseem^ 
the feediiig value of this fodder crop could well be increased by calcium manuring 
in sandy loam soils with an average nitrogen conteht of 516 p. p. m. 


According to Parker and Truog (1920) this close relationship between calcium 
and nitrogen content in legume was due to the precipitation of acids formed as bye 
products in protein synthesis. -Our soils in these parts of the state are known to be 
nfiitel With a tendency towards alkalinity and the effect of calcium sulphate may 
not be as reported by Fudge (1923), who attributed the beneficial effects of calcium 
to be due to its role in decreasing acidity and increasing availability of phosphorus* 
Galciuin could not be, thus, regarded as a soil amendment or soil conditioner alone 
a^ stressed earlier by the author (1951) with the grain legume, moong Type 1. 
There is a possibilty that calciiirn sulphate behaved as a physiologically neutral salt 
and that, under the conditions of the experiment, there existed a great demand for 
the bases by the plant. It was demonstrated that for leguminous crops calcium 
appeared to have effect on the general growth of the plant, in the synthesis and 
hydrolysis of proteins, and in some phases of carbohydrate metabolism, in addition 
to Effects on the Activity of the RMzobia (as shown by nodulation and nitrogen 
fix^ibir). The explanation put forth by Albrecht (1940) that calcium applications 
proved bencfic^^^ calcium deficient soils phosphorus was lost from the 

plant diminishing its growth does not seem to be quite tenable under the conditions 
of the experiment as the CaO Content of these soils was reasonably high 
(4082 p. p. m.) in addition to, 8579 p, p. m. of K,0, 1045 p. p. m. of and 514 
of nitrogen. Though the soil was not limiting in either phosphorus or calcium yet 
their funher application brought forth positive gains suggesting their role as a 
nutrient element, 

SUMMARY 


Importance of mineral nutrition of plants as a basic factor In determining 
quality of produce, and nitrogen fixation by the legume is 
e^aMiihed, through randomised, replicated pUt culture experiments with Tri/bifWfWr 
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Phosphorus and calcium proved beneficiai to the growth of berseem wWn 

than that of calcium except that calcium treated plants exceeded phosphorus treated 
ones in dry matter accumulation of roots at 50 day stage. 

Phosphorus increa^d nodulation, nodule number, fresh and dry weight of 

A clear excess of accumulated nitragen in tops and roots taken senarateK, 
was noticed under phosphorus treatment. Nitrogen percentage in the plant d^crelfed 
with age irrespective of treatments. Berseem, when supplied wifh phosXrus 
could increase soil nitrogen more than either calcium or control sets. 

practical application of this research is considerable. The rapid expan- 
sion of irrigation and the use of phosphorus dressings with the marked rise in 
productivity of the important berseem fodder, has clearly erected conditions tha“ 

S^^eTS n(iS? activity of the RhiZobium 
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Historical f 

The effect of relative length of day and night upon growth knd reproduction 
in the plants has been studied since 1920 when Garner and Allahd first directed 
the attention of plant physiologists towards the phenomenon of photoperiodism. 

Fisher (1916) reported that vegetative condition in plants is characterised by a 
low Garbohydrate/Nitrogen ratio while the reproductive stage is characterised 
by a high ratio of these constituents. Kraus and Kraybill (1918) also found that 
Garbohydrate/Nitrogen ratio is an important determining factor for growth and 
differentiation. Tukewise, Nightingale (1922) agreed in principle with the signifi- 
cance of G/N in plant production Purvis (1934) worked on cereal plants under 
different day lengths with varying nitrate supply. She concluded that C/N ratio 
bears no causal relationship to the ability of a plant to differentiate flower imtials 
or to produce flowers. According to Parker and BorthwiCk (1939), differences in 
chemical composition fef platits did not seem to have any causal relationship 
to flower Mtiation. "Murneek (1937) and Loehwing (1938, 1942) pointed out that 
carbohydrate-nitrogen changes in the plants are not fundamental to flower 
initiation. 


^ Work on photoperiodism in India has mainly been directed towards studying 
the influence of different day-lengths on flowering. Mention may be made of the 
contributions of Alam (1940-41), Sircar (1942, 1944 and 1946), Pal and Murty 
(1941), Kar (1942-43), Sircar and Parija (1945), Saran (1945) and Mishra (1955). 
Some work has been earned out by Sircar and De (1948) on nitrogen metabolism 
as influenced by photoperiod. The present investigation was undertaken to throw 
light on the behaviour of carbohydrate and nitrogen fractions during the ontogenetic 
drift of the cereal plants when subjected to long photoperiods. Here an attempt 
has been made to understand the changes before and after the ear emergence. 

Hilifkl aliid 


^ Wheat variety R% ^ X-ray uautaiit of P 52 (Ranjan, 1940) was sown in 
marred experimental plots (60' X 90’) in: uniform rows. The whole field was 

ttiich gunny bag barraer, and was given continnous light treatment of 24 hmir. 

aS the sowce of liX ^ distance of 2 ft. between the shoot tip of the plhnt 

Wumil“d The Hvhtf uniformly 

* hnc evening and were kept as such till 

hus, arrangement was madiR to 94 . K 


dav brMt mKr,. ’ ® ^ evening and were k' 

aay-break. Thus, arrangement was made to give 24 hours continuous 
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fiants throughout its life cycle. The other half of the experimeiital field kept 
exactly under similar conditions excC^pt that no additional light was allowed to . t^ach 
that area except the normal sun-shine* 

Seeds of uniform size and weight were sown on Nov. 15, 1950, and the light 
treatment was given from Dec. 15, 1950. Fortnightly records on height of plants, 
tiEer and leaf number were made at 5 stages during the life cycle of the plants. 
Twenty-five plants (5 rows, were selected at random and from each row 5 plants 
were labelled) were in each case used for observations. Chemical analysis of 
stem and leaf of both control and treated plants were also made along with growth 
records. 

Starch, sucrose and hexose were determined using Somogyi’s reagent (1945) 
while KjeldhaTs method was employed for the determination of total and soluble 
nitrogen (A.O.A.G., 1945). Method for determimng amide nitrogen was adopted 
after Loomis and Shull (1937). AH values have been expressed on fresh weight 
basis. 

The first sampling of the plant was made just before the start of the light 
treatment, 20 days after germination when there was no distinction between the 
control and the treated ones. At the second stage, when 35 days oM plants were 
sampled, there was no-marked diSerenli^tion between stem and leaf. During the 
next two stages 50 and 65 days old plants were analysed. 

Experimental results 

Plants under continuous light treatment showed ear emergence (in 50% cases) 
on I3th Jan., 1951 while control plants receving only normal day light flowered on 
31st Jan., 1951. A difference of 18 days was, thus, observed in the time of ear 
emergence. 

Height : Growth in length of the plants exhibited a different trend with 
increase in age due to light treatment (Table I). The height of treated plants was 
more than the control and it continued to he so upto 65 days after which control 
plants gained over the treated ones. The treatment effect was, however, significant 
at the 35 and 50 day stages, 

TABLE I 


Growth rcmi of Wheat plant as affected by pkoioperiod. 




I 

II 

Stages (age) 

III 

(50 days) 

IV 

V 

s. E. 

(due to 
treatinent) 

G. D, 



(20 days) 

(35 days) 

65 days 

t 80 days 

5% 

1% 

Height 

(Ons) 

Control 

Treated 

11*84 

13*12 

24 63 

31*79 

46-62 

67- la 

77*83 

77*31 

96-90 

77-42 

1-6BS 

4*45 

5‘85 

■BUer No.* 
(pet plant) 

Control 

Treated 

l;00 

1*00 

2*32 

1*24 

5-28 

2-48 

5*16 

3*^ 

4-12 

3-88 

0*196 

0*544 

0-715 

Leaf No.* 
(peritont) 

Control 

Treated 

2*60 

2*68 

7*88 

6*^ 

17-88 

8-16 

23*00 

11*32 

10-92 

2-56 

0*667 

1*85 

2-43 


Treat^emt eifeet sigaficant. 
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Tiller mmher I Tiller ntimber increased more rapidly in control than in 
treated ones in as much as that there was no significant difference between the con- 
S of second stage and the treated plants of third sf age (Table I). Tiller and 
leafimmber was more than double at 50 day stage in control plants as compared 
to treated ones. 

Leaf number: The number of leaves per plant did not show s^nificant 
difference between controls and the treated till the age of 35 days (Table I). 
However, at the third stage when plants were 50 days old a significant difference 
was observed. In the control plants, leaves increased rapidly and this trend was 
maintained throughout the life cycle. At the last stage, there was a fall in leaf 

number due to drying of the leaves. . . . 


of Jbkotolieriod on and 

. starch of and stem of wheat f)lant 



Carbohydrate : Hexose showed a rise at the second stage as compared to first 
(Fig. 1). At the third stage there was a fall in the values and it was more so in the 
control ones. At the final stage there was again a rise when controls showed much 
higher values than treated ones. There, was practically no difiference in the trend of 
cvalues of leaf aiid stem. - 

Sucrose also showed a rise at the second stage but there was no difference 
between the control and the treated. At the third stage there was steep fall in the 
V values for leaves of both the control and the treated plants. In the case of stem, 
however, controls had a higher percentage of carbohydrate than the treated. At 
the final stage there was a considerable rise in carbohydrate, both in stem and 
, leaves of the treated plants. The control plants showed a different trend. With 
increase in age the leaf showed a fall in carbohydrate from 35 days onwards whilfe 
stem showed a fall upto 50 days, but again showed a rise in the end. 

Starch exhibited a fall in the treated plants at the second stage as compared 
to first whereas the control showed but slight rise (Fig. 1), At the third stage there 
was a rise in the starch contents of both the stem and the leafi A comprision. of 
the control and treated plants showed that the leaf was ch^raterixjed "^ith higher 

( J 



valties m the treated plants and reverse was the case in the stem fraction. At the 
final stage, the leaf values were almost the same in both the treated and the control 
plants, though in stem fraction, the treated showed higher percentage of starch as 
compared to control. 

Nitrogen : Total nitrogen increased upto second stage in the control but after* 
-wards there was a fall (Fig. 2). The decline with increase in the age was more 
pronounced in the stem than in the leaf. This fact did not hold good for the leaf 
of the treated plants where there was a rise upto the third stage followed by a 
fall. 

fi^,2-‘£//ec^cf^kotdfier£QdQnMai,solubUandannrU 
jyercmla^t of teaf and $fe»t wheat /iltm f, 

' laj”' 1^'“' . 



Total soluble nitrogen depicted the same trend in both leaf and stem except 
for the magnitude of difference which was more in leaf than in stem. The control 
showed a rise upto the second stage and then a fall was noticed. A rise was again 
recorded at the final stage. In the leaves it attained the maximum values at this 
stage. On the other hand leaves of the treated plants showed maximum value at 
the third stage, followed by a fall. 

Amide nitrogen also showed a gradual fall after the second stage with minor 
fluctuations. It is seen that but for exception of leaf values at the final stage, the 
control plants always maintained higher percentage of amide nitrogen than the 
treated ones. 

Discussion : The plants subjected to long-day photoperiod cut short their vege- 
tative phase of life cycle to a great extent. From the very second stage of growth 
record, treated plants showed a reduction in tiller and leaf number as compared to 
control plants (Table I). The behaviour of wheat plant which is a long-day plant, 
towards a light treatment of 24 hours, showed that with prolonged light there was 
a reduction of vegetative growth. This is evident from the fact that the treated 
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plants at the third stage had only 8*16 leaves where as control plants at the same 
stage had 17*88 leaves. The ear emergence also took place 18 days^ earlier in the 
treated plants as compared to the control ones. This effect of reduction of vegeta- 
tive growth and early flowering had also been reported by Sircar and Parija (1945) 
for winter variety rice. 

In the treated plants there was a rapid increase in vertical growth ^ in contrast 
to a reduction in the other growth characters. Control plants, which increased in 
heit^ht rather slowly, ultimately attained a greater height. Similar increase in 
height by prolonged light period has also been reported for several plants by Adams 
(1924). According to Garner, Bacon and Allard (1931) the elongation of tl|e stem 
of summer radish resulted from long daily exposure to light along with an increased 
content of reducing sugars, particulary in the upper region of the stem. 

Thus, treated plants were affected adversely as far as their vegetative charac- 
ters are concerned, although they flowered 18 days ahead of the control plants. 
From the results it seems conclusive that by bringing about environment (light 
period only) favourable for reproductive phase of the plant’s life cycle the entire 
vegetative phase is cut short. Similar findings have also been reported by Murneek 
(1937) and Loehwing (1938 and 1942). The food meant for better development of 
vegetative characters (leaf, tiller and height etc.) is rushed and sent for early ear 
emergence and seed production. 

From the results it is seen that both leaf and stem of treated plants showed an 
increase in the monosaccharide fraction at the third stage when ear emergence took 
place. The disaccharides also revealed a similar trend but it is much less evident 
and that too only in the leaves. Starch which was less at the second stage in the 
treated plants (Gombined analysis of leaf and stem) increased ^t the third stage in 
the leaves. It, however, remained low in the stem at this stage but increased 
subsequently at the fourth stage. 

From the results it is evident that there is a tendency for the carbohydrates in 
general and the monosaccharides in particular to increase at the time 6f ear 
emergence in the treated plants. These results support the findings of Kraus and 
Kraybill (1&1S)> Nightingale (1922) and also of Gilbert (1926) who held that C/N 
ratio ascended as the plants approached maturity. 

At the fourth stage when control plants flowered it was seen that the 
monosaccharide was more in both stem and leaf as compared to the treated plants. 
The disaccharide and the starch showed an increase in the treated plants at this 
stage. Thus, it seems that the formation and subsequent translocation of these 
comparatively stabler compounds to the grains had begun. Similar increase in 
amount* of reducing sugars was apparent just before flower emergence in the 
experimental plants of Purvis (1934), but since this was prececdcd by flower 
differentiation, it was regarded by her as a result rather than a cause of the onset of 
reproductible phase. 

Total nitrogen showed a gradual decrease in the stem of control plants from 
the very second stage when plants were 35 days old and it continued upto the last 
stage (Fig. 2). Here it was seen that at the third stage control showed slightly more 
nitrogen than treated plants and at the fourth stage treated plants showed higher 
percentage of nitrogen as compared to control plants at the same stage. Thus, from 
these results it is evident that at the time of ear emergence there was less of total 
nitrogen and it rose later on for translocation to the grains which was evident from 
the treated plants. It may be that the nitrogen increases in the control plant after 
65 days which cannot however, be confirmed as the analysis was not done after 65 
days of growth, 
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liie sdluMe nitrogen was also low in tie treated plants at tbe second stage. 
There was an increase at the third stage in the leaves only, and again a fall at the 
last stage in both the leaf and stem. The stem value at the third stage was 
practically the same as at the second stage. Soluble nitrogen increased at the fourth 
sampling in the leaves of control plants when a decline was observed in the treated 
plants. From these results it seems to indicate that the inflow of soluble nitrogen 
must have been low before the time of ear emergence which is indicated by a low 
value of totiil nitrogen. No doubt an increase in the soluble nitrogen had been 
observed at the time of ear emergence but this is an indication of an increase in 
total nitrogen level in future. It has got to increase to supply the protein nitrogen 
for s"eed formation. The low values of total nitrogen at the time of ear emergence 
indicated that the amount of insoluble nitrogen required at and before the time of 
ear emergence was low but it increased afterwards. These results are in confirmation 
with the findings of Kraus and Kraybill (1918), Nightingale (1922) and others, that 
at the time of ear emergence a high C/N ratio exists. Nightingale has expressed the 
opinion that the significant ratio in growth is that of Carbohydrate/insoluble 
nitrogen, since accumulated nitrate did not effect flowering. 

Aitnide nitrogen remained low in the treated plants throughout as compared 
with its corrosponding control. This was true of both the stem and the leaf 
(especially that of stem). This supression amides at all the stages till the third 
sam|ding is simply con&ming the above statement that the production of protSn 
nitrogen has been lowi^ed in the treated plants (due to light effect'. It increased 
only at the time of seed formation. A slight increase in amide nitrogen had been 
observed at the last stage in the treated plants. 

Conclusion 

From the foregoing discussion the following facts are evident: For a long-day 
plant like wheat, a long photoperiod forces early ear emergence coupled with a 
marked reduction in the vegetative growth attributes (including leaf and tiller 
number and plant height). 

Along with the effect on morphological characters, carbohydrate and nitrogen 
fractions were also affected. Carbohydrates including hexose and starch showed an 
increase at the time of ear emergence and thereafter a decline. Nitrogen decreased 
at the time of ear emergence. This decrease in nitrogen percentage and an increase 
in sugars was brought about by the extra light supplied to the plants. Thus a high 
carbohydrate/nitrogen fraction was associated with the ear emergence. The increase 
in nitrogen (especially the soluble forms) after the ear emergence in both 
the treated and cantrol plants seemed to be due to translocation to the developing 
grains. 

1. Wheat var. R9 was sown in the field and one half of the plot was 
^ given light treatment of 24 hours duration after one month from the date 

of sowing. 

2. A record of height, tiller number and leaf number was taken at five 

fortnightly intervals during the life cycle of the plants. At these very . 
stages dbemical analysis of stem and leaf of both control and treated * 
plants were also done of the various fractions of carbohydrate and 
nitrogen. 

B. The plants receiving continious light showed ear emergenc 18 days earlier 
as compared to control plants receiving normal day light. 

4. The trend in growth and carbohydrate nitrogen fracStions at different stages ' 
have been described in details in the text* 
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5. The effect of light treatment on growtli and carbohydrate and nitrogen 

metabolism throughout the life cycle of the wheat plant has been 
discussed in details. 

6. It seems that for long day plant like wheat, long day photoperiod brings 

about early ear emergence and a reduction in the vegetative growth 
characters. Carbohydrate and nitrogen fractions were also affected. A 
high G/N ratio was associated with the ear emergence. 
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